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1. Introduction
When it comes to natural ecosystems, what is restoration? What does the process entail,
and what does it take to do it right? As humans, we find ourselves responsible for managing the
natural environment when it has been altered either by natural or anthropogenic phenomena.
Such events can have direct effects upon our abilities to attain and utilize the resources and
services which exist within ecosystems, thereby inhibiting day-to-day life as we know it.
Humans rely on the physical structure and the implicit functions of all ecosystems to survive, and
without predictable or controllable systems, our wellbeing can be considerably impacted.
Whereas it appears straightforward to intervene in nature and recover, recreate, or conserve its
best qualities, numerous issues make such actions complex. For instance, natural ecosystem
dynamics are constantly shifting due to sweeping trends like climate change, and people are
perpetually developing and expanding infrastructures to support an increasing population; both
domains are non-static. On top of these factors, some differences exist across habitats around the
world. No two ecosystems are alike, nor are their social, political, or economic contexts
necessarily identical. Within varying contexts come diverse opinions and perceptions among and
within stakeholder groups, which are based upon their predominantly self-contained values and
interests. Overall, it is clear that restoration is case-dependent, and management regimes ought to
be sculpted according to the context within which they are being employed and to serve a
specific purpose. Because restoration work that is right for one ecosystem may not be right for
another, when deliberating or assessing the theoretical or practical pieces of the restoration
process, it is quite necessary to focus on a particular case. This senior project concentrates on
restoration work performed in and around Onondaga Lake in Upstate New York. It shares
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varying opinions of stakeholders generated about what has been done and what continues to be
done.
I began this senior project recollecting the abhorrent conditions of Onondaga Lake and
contrasting them with what the waterbody appears to be like in our current times. A lake which I
had once so seriously believed to be obsolete based on its visibly unpolished profile and
protracted reputation as being the “most polluted lake in America” was now seemingly in no
worse condition than its neighboring freshwater ecosystems. Reports and media articles that I
viewed on the internet confided that Onondaga Lake was finally safe and secure for human usage
once more. But, I wondered, could it all be so easy? Is it fair to say that Onondaga Lake was
“saved,” as many liked to put it, when it once was heeded exclusively as an ecological atrocity?
Whereas restoration appeared to be self-evident in my mind, I was unconvinced of the depictions
brought to my attention that the lake was put right. As the primary objective of this senior
project, I investigated the multiple, inconsistent thoughts and ideas of the various perspectives
regarding restoration. Therefore, I have created an informed judgment about how adequately
restored Onondaga Lake is today. I made it a point to understand how the uses and perceptions of
the water body in history plays a role in complicating the late and ongoing restoration processes.
Moreover, I drew connections between the opinions among and within stakeholder groups
associated with Onondaga Lake to the general literature about complexities within ecological
restoration and resource management.
To address main research questions, this senior project was structured as follows. It
begins with an overview of Onondaga Lake’s location and the transboundary nature of its
watershed and synthesizes the lake’s extensive history – from pristine to polluted to protected. It
shows that Onondaga Lake has been used and perceived in copious different ways over time
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according to different values and interests and that the body of water is essentially a microcosm
for how people treat nature in general. The second chapter reviews the relevant literature around
restoration ecology. It is discerned how remediation practices can be complicated or altogether
inhibited by various inconsistencies, natural and human. Moreover, the techniques of adaptive
management and adaptive governance are highlighted as a way of reconciling with such
challenges to more appropriately and definitively restore natural ecosystems. The third chapter
outlines the methodology by which stakeholder data could be collected with regards to the case
of Onondaga Lake and how it would be analyzed to meet research needs and goals. The analysis
is broken into two complementary strands that diverge in subject matter, but which ultimately
support the same conclusions. One tackles opinions about the level of achievement of specific
restoration criteria, and the other contemplates opinions about prioritizing criteria to achieve a
desirable state for Onondaga Lake. The fourth chapter discloses the results of the data collection
and analyses graphically. The fifth chapter discusses the outcomes more in-depth, provides
linkages to the history and literature review sections and describes the feasibility of applying
adaptive management and adaptive governance in restoration. Essentially, the chapter addresses
the primary inquiries developed for this project to do with current stakeholder opinions regarding
restoration. The project ends with a conclusion that emphasizes the main findings of the case of
Onondaga Lake and briefly contemplates restoration work overall as being complex.
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2. An Overview of Onondaga Lake
Onondaga Lake is a freshwater habitat, and it abides by certain natural dynamics, as any
ecosystem does. What makes the system unique is its location and features – geography,
topography, and connecting tributaries, as well as its extensive history – centuries of use. To
properly deliberate the restoration work that has gone on in Onondaga Lake and its surrounding
areas over the past twenty years, it is necessary to familiarize ourselves with the space.
Moreover, it is crucial to reflect upon the system’s past to examine how it has changed over time,
physically and in terms of human perceptions. The following chapter aims to provide a
grounding to the research of this senior project to do with the opinions of stakeholders about
restoration. It attempts first to establish a sense of familiarity with the water body and the area
through detailed descriptions of location and morphometry, and its accompanying tributaries and
subbasins. Ultimately, this chapter intends to disclose the context that will support the analysis of
how Onondaga Lake is perceived in the present moment, and how it should be managed later on.
2.1 Specifying Lake Location and Morphometry
Onondaga Lake (lat. 43º06'54''; long. 76º14'34'') can be found in Onondaga County,
immediately northwest of the city of Syracuse, New York, the most urbanized area in Central
New York State (see Maps 1 and 2). Onondaga Lake is a piece of the Oswego River/Finger
Lakes Watershed, one of the largest drainage basins in New York State, which encompasses
much of its central territory (see Map 3). Whereas the lake is located approximate to the Finger
Lakes, and it is technically a part of the same watershed, it is not customarily classified as one of
the bunch.
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Map 1. Location of Onondaga Lake in Central New York State (Source: Onondaga Lake
Superfund Site website, accessed May 1, 2020).

Map 2. Urbanized surroundings of Onondaga Lake (Source: Onondaga Lake Superfund Site
website, accessed May 1, 2020).
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Map 3. Location of Oswego River/Finger Lakes Watershed in Central New York (Source: Fish
Creek Atlantic Salmon Club Inc. website, accessed May 1, 2020).
Onondaga Lake has a surface area of approximately 4.6-square miles (~12-square
kilometers). Its average and maximum depths are 35 and 63 feet (~11 and 19 meters) deep,
respectively. The lake’s watershed spans 285-square miles (~738-sq. km), located mostly in
Onondaga County and parts of north-central Cortland County to the south.1 Onondaga Lake is
much smaller, in terms of surface area, and much shallower than Owasco and Skaneateles Lakes,
nearby Finger Lakes, but, at the same time, larger and deeper than other water bodies such as
Cross and Cazenovia Lake.
Onondaga Lake is fixed along a northwest-southeast axis with a maximum length of 4.6
miles (~7.4 km) and a maximum width of 1 mile (~1.6 km). Bathymetric maps of Onondaga

1

“Onondaga Lake,” New York State Department of Environmental Conservation, accessed January 6, 2020,
http://www.dec.ny.gov/lands/72771.html.
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Lake indicate that there are two distinct basins or depressions, located at the northern and
southern ends of the water body (see Map 4). They are divided by a shallow strip of land,
typically referred to as the “saddle.”2

Map 4. Bathymetry of Onondaga Lake (Source: Onondaga Lake Cleanup Plan website, accessed
May 1, 2020).
2.2 Summarizing Tributaries and Subbasins
About 70 percent of Onondaga Lake’s annual hydrologic inputs come from its natural
tributaries including Ninemile Creek, Onondaga Creek, Ley Creek, Bloody Brook, Harbor
Brook, and Sawmill Creek. Tributary 5A and the East Flume, two notable industrial
conveyances, also contribute small amounts of water each year to Onondaga Lake; they have
generally received less attention in the literature around Onondaga Lake’s tributaries and
2

Steven W. Effler, ed., Limnological and Engineering Analysis of a Polluted Urban Lake, 1st ed., Springer Series
on Environmental Management (Springer-Verlag New York, 1996), 1.
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subbasins. Around 20 percent of the lake’s annual inflow comes from the Metropolitan Syracuse
Wastewater Treatment Plant (Metro), making it the second-largest source of water to enter the
water body (see Map 5). Before combining with Onondaga Lake, many of these tributaries bisect
distinctive landscapes or are shaped by natural and human-made elements.3 Moreover, a
selection of them have sizable watersheds of their own, implicating their transboundary social,
political, and ecological nature.

Map 5. Onondaga Lake drainage basin and tributary locations (Source: Onondaga Lake Cleanup
Plan; DEC website, accessed May 1, 2020).
Ninemile Creek, whose waters mainly originate in Otisco Lake, the easternmost Finger
Lake, empties into Onondaga Lake at its western shore, more or less at the saddle. The creek
runs northward for nearly 22 miles (~35 km), beyond the southern and western shores of

3

Effler, 3–5; Alexander J. Smith et al., “Streams Tributary to Onondaga Lake Biological Assessment 2008 Survey,”
January 1, 2010, 2–8; “Onondaga Lake.”
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Onondaga Lake, and has a watershed that covers 115-square miles (~300-sq. km).4 Ninemile
Creek is considered to be the largest tributary associated with Onondaga Lake in terms of the
geographic size of its drainage basin. Ninemile Creek flows through several densely populated
residential and commercial areas before reaching Onondaga Lake, like the villages of Marcellus,
Camillus, and the town of Geddes. Along the way, Ninemile Creek passes by key infrastructural
elements like the now-defunct Solvay waste beds – buried chemical lagoons once utilized by
industries of the area – and several chemical manufacturing plants.5 For much of the 1900s,
metals, volatile and semivolatile organic compounds, dioxins, and polychlorinated biphenyls
(PCBs) were deposited into waste beds and contained as a slurry. For some time, raw sewage
from the city of Syracuse was also pumped here and covered.6
Onondaga Creek begins some 27 miles (~43 km) south of the city of Syracuse in the
town of Tully, New York. The creek has a drainage area of approximately 111-square miles
(~290-sq. km). It flows northward into Onondaga Lake at its southeastern shore, adjacent to the
location of the present-day mall, Destiny USA, and the Onondaga County Department of Water
Environmental Protection.7 Onondaga Creek, like Ninemile Creek, carries a critical proportion of
the water that is put into Onondaga Lake each year; it is the second-largest tributary to Onondaga
Lake in terms of the geographic size of its drainage basin. Also similar is the range of landscapes
that the creek passes by before even entering Onondaga Lake. From its headwaters, Onondaga
Creek makes its way through the Tully Valley, the site of both the Onondaga Nation Reservation
and the notorious Tully mudboils – a hydrogeologic phenomenon that deposits profound

4

Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 3.
Effler, 3–4.
6
“Solvay Wastebed 1-8,” accessed May 2, 2020, http://onondagalake.org/Sitedescription/Nonsuperfund/SolvayWastebeds1-8/index.htm; “Solvay Wastebeds 9-15,” Onondaga Lake Superfund Site, accessed
May 2, 2020, http://onondagalake.org/Sitedescription/Non-superfund/SolvayWastebeds9-15/index.htm.
7
Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 4.
5
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amounts of particulate matters into the water. The creek passes a vast stretch of farmlands,
natural forests, and eventually through downtown Syracuse and the lakefront district. Within the
city, the creek is surrounded by commercial and residential buildings, as well as highly trafficked
roads and highways.8
Ley Creek connects with Onondaga Lake at nearly the southernmost point of its eastern
shoreline. Ley Creek reaches the lake next to Destiny USA, as well as the southern interchange
for the Onondaga Lake Parkway and the connection to Interstate Highway 81. Its watershed is
about 30-square miles (~79-sq. km) in total, extending eastward from the body of water and just
to the north of the city of Syracuse.9 Ley Creek is the third largest tributary for Onondaga Lake,
measured by the geographic size of its drainage basin. Whereas more than half of Ley Creek’s
drainage area is classified as developed, meaning that the region is primarily residential,
commercial, and industrial, its headwaters are located in wetlands in the town of Manlius.10
Waters proceed by passing through the small urban centers of DeWitt, Mattydale, and Salina, as
well as the lakefront district of the city of Syracuse. Along the way, the creek travels by notable
infrastructural elements like the New York State Thruway, the Syracuse International Airport,
and the former General Motors Inland-Fisher Guide plant – the company’s old site for plating,
buffing, forming, and finishing metal auto parts.11
Harbor Brook enters Onondaga Lake at the southwestern point of its shoreline, just below
Onondaga Creek, in the town of Solvay. The brook’s watershed is long and narrow, extending

8

Effler, 4.
Effler, 4.
10
Alexander J. Smith et al., “Streams Tributary to Onondaga Lake Biological Assessment 2008 Survey,” January 1,
2010, 6.
11
“Five-Year Review Report: Ley Creek PCB Dredgings Subsite: Onondaga Lake Site: Onondaga County: Town of
Salina, New York” (United States Environmental Protection Agency), 2–3, accessed January 11, 2020,
http://www.onondagalake.org/wp-revision/wp-content/uploads/2013/01/fiveyearreview.pdf; “General Motors-Inland
Fisher Guide Plant and Ley Creek Sediments/Soils,” Onondaga Lake Superfund Site, 2010,
http://www.onondagalake.org/Sitedescription/GeneralMotorsIFGPlant/index.htm.
9
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approximately 11-square miles (~29-sq. km) southwest of Onondaga Lake, and directly west
from the city of Syracuse. Harbor Brook is considered to be the fourth largest tributary for the
lake, measured by the geographic size of its drainage basin. Parts of the waterway that are closest
to Onondaga Lake drain a portion of Syracuse, namely its heavily industrialized districts, and its
headwaters are primarily in residential, agricultural, and pasture lands.12
Bloody Brook drains an area that is comparable in geographic size to that of Harbor
Brook, in total about 11-square miles (~29-sq. km). Water from Bloody Brook enters Onondaga
Lake on its eastern side, more or less just south of the lake’s saddle, near the village of
Liverpool. More than half of the waterway, on both banks, is surrounded by zones that are
heavily residential or light commercial.13
Sawmill Creek is the smallest natural tributary to Onondaga Lake in terms of the
geographic size of its drainage basin, which is approximately 3-square miles (~7-sq. km). The
creek is one of Onondaga Lake’s only inputs that come at its northern end, located entirely
around the eastern shoreline just above the village of Liverpool and east of the Seneca River. The
area around the water is similar to that of Bloody Brook. Much of it is classified as developed in
a primarily residential sense with some smatterings of business throughout.14
As mentioned above, Onondaga Lake receives a substantial amount of its incoming water
via the Metropolitan Syracuse Sewage Treatment Plant. Ultimately, the Metro facility, located
contiguous to Onondaga Lake’s southeastern shore, manages the wastewater from more than a
quarter-million people living in the Syracuse area, as well as some industrial and commercial
customers – all in all about 60 percent of their yearly intake. Nearby towns and villages also have

12

Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 4.
Effler, 4–5; Smith et al., “Streams Tributary to Onondaga Lake Biological Assessment 2008 Survey,” 7.
14
Smith et al., “Streams Tributary to Onondaga Lake Biological Assessment 2008 Survey,” 4.
13
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their wastewater treated in Metro before it is discharged directly into Onondaga Lake.15 Because
some parts of the city of Syracuse have combined sewer systems, meaning that they are equipped
with underground pipes that carry both stormwater and wastewater, the facility inherently must
deal with such inflow as well.16 Generally speaking, wet weather causes an increase in Metro’s
intake. Combined sewer overflows (CSOs), provoked by higher than average inflows,
overwhelm the system and sometimes lead to the passage of fully or partially untreated waters
into Onondaga Lake.
Infrastructure is consistently upgraded within the facility. Currently, according to facts
about the Metro facility posted publicly online, hydraulic capacity is proficient in handling up to
240 million gallons of water per day during wet-weather events like rainstorms or during seasons
with high snowmelt. 84 million gallons of water are treated per day going through a three-phase
decontamination process consisting of screening, grit removal, low-lift pumping, multiple
clarification steps, aeration, aerated biological filtration, high-rate flocculated settling, and
ultraviolet disinfection.17 Inevitably, stormwater and urban run-off will make their way into
Onondaga Lake, regardless of whether or not they have been processed at Metro.
Overall, the water that reaches Onondaga Lake comes from all over the Central New
York region, passing by an array of social, political, and environmental landscapes. The southern
end of the lake is bordered by several multi-lane highways and heavy industrial structures. In
contrast, the northern end is encircled with parks, museums, residential areas, wetlands, and
abandoned plots of land. Regardless of its point of entry, water will eventually make its way to

15

“Metropolitan Syracuse (Metro),” Onondaga County Department of Water Environment Protection, accessed
January 11, 2020, http://www.ongov.net/wep/metropolitan-syracuse-metro.html.
16
Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 15–18; “Metropolitan Syracuse
(Metro).”
17
“Metropolitan Syracuse (Metro).”
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the north where the lake’s single outflow is located. The Seneca River, located just beyond
Onondaga Lake’s northern end, is connected with the water body by an individual canal. The
Seneca River, flowing northeastward, meets with the Oneida River to form the Oswego River,
which, continuing north, makes its way eventually into Lake Ontario at the city of Oswego.18 It
is by this route that the waters collected in Onondaga Lake make their way beyond the system
and into the Atlantic Ocean.
Understandably, Onondaga Lake abides by the fundamental law of the natural
environment that everything is connected to everything else and thus should be studied and
thought of as a fixture to a wide-ranging system. The physical features of Onondaga Lake, its
tributaries, and their surrounding area tell us that the body of water has been no exception to
those natural elements which have changed as the result of immense anthropogenic
developments. By setting the stage geographically and first learning about Onondaga Lake’s
physical placement, one can begin to uncover historical factors that have made the destination
what it is today.
2.3 Synthesizing Historical Significance
Onondaga Lake and its surrounding habitats have proven to be prominent historical
spaces in terms of society, culture, politics, and ecology (see Appendix A). Fundamental ideas for
civil order, significant industrial progress, and a connection between the natural world and
individual people are all notions embodied in Onondaga Lake as the result of remarkable
moments in and around the water body. It is the lake’s complicated past consisting of both
natural and anthropogenic happenings that inspire a great deal of thought and feelings, both

18
Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 1; David A. Matthews, Steven W.
Effler, and Carol M. Matthews (Brooks), “Ammonia and Toxicity Criteria in Polluted Onondaga Lake, New York,”
Water Environment Research 72, no. 6 (2000): 732.
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positive and negative, about its presence, status, and importance today. Moreover, Onondaga
Lake’s ups and downs speak unmistakably to how we as humans have shaped the world around
us and continue to do so moving forward. From a current perspective, as we contemplate
Onondaga Lake to understand its condition as a recovered ecosystem, we must recognize the
changes that have occurred and gotten us to where we are today, beginning even before there
were people. In a world where taking the next step is a lingering pressure in our minds as
humans, it feels imperative to reflect upon history to contextualize and ground our thoughts and
actions.
Some 430 million years ago, during the geologic time frame known as the Silurian
Period, the materials that would ultimately constitute the terrain of Central New York today were
present. At this point, continental elevations were generally much lower, and sea levels were
much higher than they are now as a result of pervasive glacial melting at the end of the Late
Ordovician ice age.19 The expanse of land that reaches between the Great Lakes, from New York
to Michigan, was eroded considerably by this melting process, allowing salty seawater to press
inland and produce a shallow sea. Numerous forms of marine life – both plants and animals –
were supported under the warm, shallow conditions.20 Over time, land masses physically
expanded or deteriorated. For instance, to the east of the inland sea, mountains were developed
as the result of landmass collisions. This natural separation of the inland sea from the greater
ocean led to its inevitable evaporation. Thus, extensive salt deposits were generated from the
disappearing brine, and dead marine organisms and mud were converted to fossil-filled

19
Markes E. Johnson, “Silurian Period,” Encyclopedia Britannica, accessed January 19, 2020,
https://www.britannica.com/science/Silurian-Period.
20
Donald H. Thompson, The Golden Age of Onondaga Lake Resorts, 1st ed. (Flesichmanns, NY: Purple Mountain
Press, Ltd., 2002), 9.
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limestone and sandstone. By and by, so too did the higher lands to the east erode, causing shale,
silt, and clay to carry over and somewhat level out the land.21
Several ice invasions succeeded the geophysical events of the Silurian Period. The
expansion and compression of polar ice sheets and alpine glaciers radically transformed the
landscape on at least two, or as many as four, occasions via the abrasion of rock debris and ice
against the earth. The most recent of these occurrences are believed to have taken place
approximately 25,000 years ago, lasting until about 10,000 years ago.22 The results of this event
include the formation of the Finger Lakes and Onondaga Lake, as well as their supporting
tributaries. Through the landscape of Central New York, like much of the northern United States
and Canada, we can see evidence of the movement and melting processes of glaciers and ice
sheets. Essentially, the landscape that we see and recognize today is a product of this former
geologic epoch.23
It was around the completion of the most recent ice age that the initial human occupation
of North America began. As snow and ice melted over time, retreating to the north, around 8000
BCE, bands of hunters and gatherers moved into the Onondaga region in search of viable food
sources. Year-round settlements were not established in this area until many years later.
However, around 1000 CE, at the beginning of the archaeological time classified as the Late
Woodland Period. Long-term encampment enabled native cultures to emerge and flourish as
subsistence farming practices, primarily of maize, beans, and squash, as well as village life,
developed.24 As populations grew, so too did affirmation of traditional thoughts and practices. In
21

Thompson, 9.
Thompson, 9.
23
William M. Kappel and Todd S. Miller, “Hydrogeology of the Valley-Fill Aquifer in the Onondaga Trough,
Onondaga County, New York,” Scientific Investigations Report, Scientific Investigations Report (U.S. Geological
Survey, February 2005).
24
Effler, Limnological and Engineering Analysis of a Polluted Urban Lake, 5–6; Thompson, The Golden Age of
Onondaga Lake Resorts, 10.
22
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this way, the natives of what is presently Central New York contrived a unique identity and a
stable form of life.25
Strength was auspiciously advanced by what is referred to in oral tradition as the “birth of
a nation” when the warring tribes of the Seneca, Cayuga, Onondaga, Oneida, and Mohawk
people forged a plan for peace. Guided by powerful words from the Peacemaker, a messenger
sent by the Creator, and the clan mothers from each tribe, leaders were convinced of a proposal
for long-lasting unity and friendship. Tadodaho, a highly feared Onondaga man with a contorted
body and snakes growing from his scalp like hair, however, was not. The confrontation was to no
avail, for Tadadaho was adamantly opposed to an armistice of any kind. He was so against the
idea that he killed one of Haionwhatha’s (Hiawatha) daughters. Hiawatha was an Onondaga as
well, and he was known to have accepted the Peacemaker’s message forthwith. Eventually,
Hiawatha overcame the loss of his daughter, as symbolized by his completion of the first
wampum, and, with the support of 49 other tribal leaders, was willing to meet with Tadadaho
once more. The “combing of snakes” confirmed Tadadaho’s acceptance of the plan for peace,
making him the 50th chief and a primary leader to represent the concerted tribes.26 The union
was formalized by the burial of their weapons of war underneath the tallest white pine tree
around. At the top of the tree, an eagle was placed to warn the Haudenosaunee (People of the
Longhouse) of dangers against the “Great Law of Peace,” or simply, the “Great Law.”27
Oral tradition, supported by archaeological evidence, supports the understanding that the
northeastern shore of Onondaga Lake is the official scene at which the Haudenosaunee
Confederacy (the Iroquois Confederacy, as they called by European settlers) was born. The
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founding of the Confederacy would promote substantial trade beyond the region. It would lay the
foundations for democratic governance via the establishment of the Grand Council of Sachem
Chiefs and the active administrative roles of women as clan mothers. The main settlement of the
Onondaga Nation, located just south of the present-day city of Syracuse, was where council
meetings would be held, gathering tribes together and ultimately shaping a form of civil order
and society.28
Early on, Onondaga Lake and its surrounding ecosystems developed a profound identity,
both as a site of cultural importance and as a source of useful or tradeable resources.29 The
Onondaga Nation established a small village on its southern shoreline on account of its natural
fisheries, named “Kaneeda” (potentially an Anglicism of the name “Ganuutaah”).30 It was for
similar reasons that European settlers were drawn into the area, beginning in the early 1600s.
Whereas Europeans had reached parts of North America before this point, namely around its
eastern coasts, the Central New York area remained solely occupied by the Haudenosaunee
people until this time.31
As mentioned above, trade routes among native tribes were developed and thrived under
the league of five nations. At the beginning of the century, European countries were beginning to
organize more serious trade routes across the Atlantic Ocean with traders who had access to
America’s extensive resources. The presence of European traders expanded the market
commodities and materials to a much larger volume of consumers.32 The French were among the
first European settlers who built any sort of relations with the native populations in a business28
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oriented way. Initially, they would exchange metal tools, glass beads, fabrics, and guns with the
tribe for animal pelts, particularly of beavers, foxes, ermine, and sable, which were used to
accessorize high-end clothing overseas. While some of these species were borderline extinct in
Europe, America offered a plentiful bounty.33 Eventually, the French, guided by Samuel de
Champlain in 1608, founded the city of Quebec and the colony of New France along the St.
Lawrence River in a strategic effort to advance their economic and geopolitical ambitions.34
The shift to permanent settlement by European traders implicated a monumental change
of global power dynamics. Colonization was not new to the world in general. However, the
migration of Europeans into the Native American sphere encompassed a permanent shift to the
fundamental ways in which the different groups interacted. Because of European advantages in
exposure to pathogens (smallpox) and weapon technology, European influence would take hold
of the region from this moment forward and never let go. The Dutch and the English followed
suit shortly after that, recognizing the economic and agricultural potential of land located near
the Hudson River, which supported inland mobility. Their new settlements of New Amsterdam
(now New York City) and Fort Orange (now Albany) would also serve as critical hubs for the
diffusion of European domination.35
Initially, cross-cultural interplay generally did not generate any long-lasting feuds
between the native population and the European settlers. However, tensions were eventually built
as highly demanded goods became more and more scarce, and internal conflicts among the
native population grew.36 To preserve their trading capacities, in addition to the Haudenosaunee
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Confederacy, the French settlers in Quebec built alliances with the Erie and, more
controversially, the Wendat (Huron) people. On several occasions, Champlain was asked to
accompany raids on Mohawk and Onondaga villages, orchestrated by the Wendat tribe. In the
fall of 1615, Champlain made the unprecedented decision to enter the Onondaga territory himself
in an attack on Kaneeda, which was heavily fortified.37 Though the strike proved to be
unsuccessful in its attempt to impair the Onondaga’s valued fishing village, the situation
emphasized the underlying significance of European involvement in native affairs. Champlain’s
attack would be the first recorded entry of a European individual entering the Onondaga
territory.38 The decades-long dispute that would become known to modern scholars as the Beaver
Wars would directly affect the Onondaga territory during this instance. That is, though the
Onondaga people were involved in diplomatic matters throughout this period, their land would
not be specifically targeted or physically threatened after this occurrence. It should be noted that,
during this time, trade between the Haudenosaunee was ongoing with Dutch and some English
settlers, though not as extensively as with the French.39
The 1650s were transitional in the sense that new agreements were burgeoning, and some
conflicts were beginning to simmer down. To be clear, outright harmony among the tribes and
settlers was not achieved during this decade, but rather, new affiliations were arranged, and longterm rivals were thwarted to some capacity. For example, the Haudenosaunee successfully
conquered the Wendat Nation, meaning that they were in an undisputed position of authority
over the fur trade, along with the French in Quebec.40 Some level of accord was established
between the groups, for, in 1653, the Onondagas requested the appearance of French Jesuit
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priests for some seemingly exclusive trading opportunity. Subsequently, in 1654, Father Simon
LeMoyne, a missionary, made his way to Onondaga Lake to devise a peace treaty. It was during
this visit that the French would derive two crucial connections with the Onondaga’s territory.41
The first was to do with the founding of a habitation entitled Sainte Marie de Gannentaha on the
eastern shore of the lake. Though not entirely constructed until 1656, the site was erected in
honor of the Virgin Mary and consisted of numerous dwellings for some fifty French soldiers,
artisans, laborers, and priests.42 The encampment was mainly an extension of European cultural
diffusion into America in which religious ideas and ways of life were to be shared. Some
Haudenosaunee decided to convert to Christianity or to take on certain European styles.
However, the mission was not necessarily sustainable, given the tenuous relationship between
the groups.43 Despite being well-stocked with resources secured from the surrounding landscape,
abandonment of the Ste. Marie site was inevitable when Haudenosaunee conflicts with the Erie,
allies of the French, were escalated to safeguard a trade monopoly with the Dutch.44
The second connection that the French contrived with the Onondaga territory was the
discovery of the location of a plenty of salt springs near the mouth of Onondaga Creek.
Whereabouts were disclosed to Father LeMoyne by the Onondagas as a bitter, undrinkable water
source. Father LeMoyne is recognized as having surmised the practicality of the brine and for
teaching the Onondagas how to boil away the water to produce salt crystals.45 Regardless of the
veracity of Father LeMoyne’s role as a catalyst to salt production in the Onondaga Lake area,
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this encounter would magnify the value of the region tremendously in the eyes of European
settlers.46
Following the sudden departure of the Ste. Marie mission in 1658, things were
reasonably placid in the Onondaga territory; hardly any French priests or fur traders passed
through the area. In 1696, however, an invasion commanded by Count de Frontenac, governor of
New France, would administer the decisive shock that would ultimately lead to the displacement
of the Onondaga people and the first losses of Haudenosaunee land after the union of the five
nations.47 The establishment of a fortification on the southern shoreline of Onondaga Lake would
give the French a strategic advantage to overtake the Onondaga’s main villages. Much to their
surprise, the Onondagas had fled from the area altogether before they could execute their plans to
attack. Fields of crops and stored grain, as well as many of the Onondaga’s homes, were ravaged.
Ultimately, the loss of territory was of little concern to the Haudenosaunee. The primary
implication of Frontenac’s attack on the Onondagas was the affirmation that trade between the
two parties would no longer take place. The natives would solidify their alliances with the
English, conclusively preventing the return of French to the Central New York region for some
time, until the French Indian War and the American Revolution in the 18th Century.48
The League of Five Nations was constantly torn between siding with the English and
cooperating with the French throughout much of the late seventeenth and early eighteenth
centuries. Alliances became even more convoluted as America sought its independence from the
dominant European powers. For instance, while the Mohawk, Cayuga, Seneca, and Onondaga
people had allegiance for the British, the Oneidas and Tuscarora, a later addition to the
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Confederacy, were in favor of American independence.49 Such internal contention would
ultimately lead to their territorial displacement. Conserving a stance of neutrality was
challenging, if not impossible, because the Haudenosaunee were located at the center of the
conflict. In 1779, General George Washington ordered the destruction of the Haudenosaunee in
its entirety, presumably for their lack of consistent support. The outcome for the Onondaga
Nation was a substantial loss of crops and villages, beginning at Onondaga Lake and moving
south. Once again, the landscape had been overrun and demolished.50 It should be mentioned
that, whereas General John Sullivan and General George Clinton are associated with the plunder
of many native villages in the Central New York region, it was Colonel Goose Van Schaick who
was responsible for the categorical seizure of the Onondaga’s territory.51
After the war, the nations of the Haudenosaunee Confederacy were pushed out of their
rightful land and moved to small parcels located in the surrounding regions, reserved just for
them. The Onondagas, for one, were relocated to an area of approximately 7,300 acres, south of
Syracuse, near the town of Tully, and along Onondaga Creek (see Map 6). In 1788, the Treaty of
Fort Stanwix would solidify such transfers of land, stating that the area would be used primarily
for the production of salt for the common use of everyone.52
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Map 6. Location of the Onondaga Nation Reservation from Military Tract (Source: Onondaga
Historical Association website, accessed May 2, 2020).
The removal of native people from their original territory would enable not only the
permanent settlement of Europeans throughout the area but also the commencement of resource
extraction. As a bonus for their service as soldiers, those who participated in the war were
distributed land grants to occupy the remainder of Central and Western New York.53 The
profitable nature of an early trading post was conceived by Ephraim Webster, a war veteran, in
1786, at the mouth of Onondaga Creek, would convince others to turn up and appraise the
landscape. Though many parcels were initially left vacant or sold off to land speculators, some
people would begin to detect the plethora of resources that the area had to offer shortly
thereafter.54 Veterans like Asa Danforth and Comfort Tyler would claim their bounties around
1788 and, in time, discover the aforementioned salt springs located around the southern and
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eastern shorelines of Onondaga Lake. Independently, and later collaboratively, they would
develop methods from which they could effectively boil down the brine in iron kettles, mainly to
preserve perishable goods like fish and meat.55 Their techniques were likely not too different
from those shown to the Onondaga people by Father LeMoyne many years before. Together,
they would cultivate the powerful impetus for growth and development of the Central New York
area and, therefore, the foundations for what the area is like today. That is, Danforth and Tyler
begat the lucrative salt industry and initiated the remarkable age of industrialization. Soon,
Syracuse would become the “Salt City.”
Salt production was an immediate success both within and beyond the Central New York
region, for the product could be sold to the public for indiscriminate uses. Danforth and Tyler’s
rudimentary manufacturing process would not be able to sustain itself with growing demand. The
swelling industry would require additional settlers and new forms of infrastructure and
regulations to flourish. Individuals like Nathaniel Loomis, Moses DeWitt, and James Geddes
flocked to the area during the last decade of the eighteenth century on account of their ingenuity
or entrepreneurial prowess. Respectively, they engineered a 15-kettle boiling system, refined the
procedure for filling kettles with brine using wooden troughs, and incorporated the first largescale salt manufacturing operation in the area, located near Harbor Brook.56 Separately, their
interest in the industry would spur its growth tremendously. Soon, salt “blocks” as the structures
came to be known, housed the booming enterprise, and would eventually fuel much of the area’s
earliest urban growth. With such a substantial presence, some form of administration was needed
to ensure an appropriately functioning market. In 1797, state legislation was passed to designate
a one-mile-wide strip of Onondaga Lake’s shoreline to be the “Onondaga Salt Springs
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Reservation.” Additionally, such laws were put into place as a way of controlling methods of
production, namely boiling or solar evaporation, storage, and sale prices per bushel.57 By 1804,
approximately 100,000 bushels of salt were being produced each year in the Onondaga Lake
area.58
Onondaga Lake and its surrounding areas were perceived at this moment as a conducive
source of wealth and as something destined for human usage. Perhaps some enjoyed the natural
charm of the lake or its wetlands at times, but mainly, the environment was regarded as a
figurative moneymaker. This point is evident by the first significant alterations of Onondaga
Lake’s morphology, which were intended to stimulate urban growth patterns and the expansion
of industrial zones. More space meant more opportunities for development. In 1822, canal
commissioners executed a plan to lower the lake’s surface elevation and drain the wetlands
located around the southern shoreline of the lake by carving out various channels.59 This
ecological manipulation proved to the residents of the area that they could not only use natural
resources to their benefit, but they had control over the functionality of natural systems as well.
The Erie and Oswego Canals were established shortly thereafter in 1825 and 1829, respectively,
providing links between the Hudson and Mohawk Rivers and the Great Lakes (see Map 7). They
were not only commercial arteries for the blooming nation, but symbols of economic prosperity
as well.60 The salt industry, which had provided much of the financial support for the projects,
could thus reach an international market using such waterways for optimal supply and shipping
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routes.61 The supporting infrastructure of Onondaga Lake and its surrounding ecosystems were
the conveyors of human progress. Immediately before the incorporation of the city of Syracuse
in 1848, railroads, an additional impetus for the advancement of social interests, emerged in the
region.62 The population, along with industry, were thriving, growing steadily with the
aggressive use of the resources provided by Onondaga Lake and its surrounding ecosystems.

Map 7. Location of Erie and Oswego Canals across New York State (Source: Encyclopedia
Britannica website, accessed May 3, 2020).
Syracuse earned its status as a city that did not have any inherent implications for how the
environment would be treated or viewed henceforth within itself. However, Democrat Harvey
Baldwin, the first elected mayor of Syracuse, is recalled as having distinctive views toward
Onondaga Lake and its role as a fixture to the Central New York area. A profound speech given
by Mayor Baldwin in 1847 in an effort to spark optimism in the growth of the region envisioned
a “great in-land town” that could be comparable in “size and importance to New York and
Buffalo.” Moreover, the following quotation from his address emphasized a romantic outlook for
the space:
All bordering territory will have been brought into a high and perfect state of cultivation
and our beautiful lake, on all its beautiful shores and borders, will present a view of one
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continuous villa ornamented with its shady groves and hanging gardens; and connected
by a wide and splendid avenue that shall encircle its entire waters and finish a delightful
drive to the gay and prosperous citizens of the town who will, toward the close of each
summer’s day, throng it for pleasure[,] relaxation[,] or the improvement of health.”63
Mayor Baldwin would appeal to the notion that nature is beautiful and that people should enjoy it
in any way possible. Baldwin offered a unique perspective to the rapidly developing area in what
would become known as his “Hanging Gardens” speech, promoting the glory of the natural
setting. Maintaining his position as mayor for only a single year, as per standard mayoral term
limits of his day, Harvey Baldwin would not directly supervise many of the subsequent changes
to the landscape. The functionality of the city and the preservation of Onondaga Lake, or a lack
thereof, would be altered by substantial, external forces.
During the American Civil War, the velocity of the salt industry was hardly swayed by
the engagement of men from Central New York in the Union Army. In fact, manufacturing
reached its peak in 1862 amidst the conflict, for salt’s practicality in food preservation and the
setting of dyes to uniforms made the commodity increasingly valuable. Despite possessing the
desired physicality for combat, thousands of men were exempt from service so that they could
fulfill inflated industrial demands around the Union.64 Solar salt sheds and boiling blocks bustled
along the southern and eastern lakefronts (see Map 8). More than 9 million bushels of salt were
produced during this year in and around Onondaga Lake.65 At this moment, the lake and its
surrounding ecosystems were more than a source of money. Their resources would be the
sustenance that would, directly and indirectly, facilitate the victory of the Union Army and,
ultimately, the solidification of the United States as a coherent entity. The worth of the salt
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industry concentrated along Onondaga Lake during the American Civil War acted as a dynamo
of strength and perseverance in both a literal and symbolic sense. The salt produced there would
contribute to the longevity of the Union Army by way of preserving their food and, more
implicitly, their livelihood.66

Map 8. City map of Syracuse in 1919 demonstrating the prevalence of salt sheds (Source: United
States Geological Survey website, accessed May 1, 2020).
The end of the war would provoke a sudden change of course for the developing area
economically and socially. For one, demand for salt, which was once so high, was beginning to
fall steadily. Generally, less salt was needed to preserve food. Also, residents of the Syracuse
area grew a spirited aversion to the pervasive appearance of salt sheds (see Image 1).67 By 1884,
a new industry was materializing, granted the presence of, albeit diminished, salt supplies, and
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local limestone deposits: sodium carbonate – “soda ash” – manufacturing. Soda ash would serve
as an ingredient in the creation of such products as rayon, plastics, paper, glass, detergents, and
explosives, among other common goods.68 Throughout the 1870s and 1880s, Syracuse was
beginning to host an abundance of high-quality resorts, boosting an unforeseen tourism sector in
the city, and burgeoning an association of leisure with the lake. People began to acknowledge the
lake and its shoreline as a site for relaxation and entertainment. These destinations would take
over the spaces once occupied by salt sheds, thereby implicating a change of perception about
the natural area.69 Both happenings posed a conflict, one of using the environment for pleasure
versus using it for industrial gains. Whereas both developments were important in that they
encouraged the sustainability of Central New York’s progress, they acted separately from one
another, permitting the eventual degradation of Onondaga Lake and its surrounding ecosystems.

Image 1. Rows of salt sheds and vats in Syracuse (Source: Library of Congress online database,
accessed May 2, 2020).
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In the late nineteenth and early twentieth centuries, the shoreline of Onondaga Lake was
crowded with a variety of tourist attractions, such as hotels, spas, restaurants, taverns, theaters,
amusement parks, and the like. Essentially, it was Onondaga Lake’s natural beauty that inspired
entrepreneurs to open up many leisure-oriented businesses in the area, each accessible by local
trolley or steamboat lines. People began flooding in to enjoy swimming, water sports, boating,
concerts, and a myriad of amusement park activities at the establishments located right by the
body of water.70 Venues like the Iron Pier, Lake View Point, Rockaway Beach, White City, Long
Branch, and Pleasant Beach drew visitors from all over the region and beyond, for they were
advertised as an escape from the wears of mundane life and as a destination for recreation. The
Onondaga County Yacht Club was also a popular site that primarily connected locals with the
water via a plethora of novelty acts or events. Onondaga Lake, though technically being used as
a means for financial gain, was painted in a charming light during this time, provoking an
ultimately positive perception of its fundamental state of being. During this period, the services
provided by Onondaga Lake were largely accepted as a means of improving daily life (see
Images 2 and 3).
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Image 2. The Iron Pier at the southeastern shore of Onondaga Lake (Source: Onondaga
Historical Association website, accessed May 1, 2020).

Image 3. A White City resort amusement park ride with a view of industries (Source: Onondaga
Historical Association website, accessed May 1, 2020).
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As introduced above, the soda ash industry was beginning to take hold in concert with the
“golden age of the Onondaga Lake resorts.” The Solvay Process Company, a joint venture
between Belgian Chemists, Ernest and Alfred Solvay, and respective American mine engineer
and businessman, William B. Cogswell and Rowland Hazard II began production at a chemical
manufacturing plant in proximity to Onondaga Lake’s southwestern shore in 1884. It ought to be
mentioned straight away that this company would be bought out by the Allied Chemical and Dye
Corporation in 1920. The business would then be bought out by Signal Companies to become
Allied Signal Inc. in 1985. Then, they would be acquired by Honeywell International Inc.
(mostly referred to simply as “Honeywell”) in 1999.71 As such, it should be recognized hereafter
in this project that all references made to the Solvay Process Company, Allied Chemical and Dye
Corporation, Allied Signal Inc., or Honeywell International Inc., are alluding to the same entity;
it is only for historical clarity that each company is called upon by their specific names. In 1879,
at a meeting of the American Institute of Mining Engineers in Philadelphia, Cogswell learned of
the European process for the production of ammonia soda, known formally as the Solvay
Process, which used a great deal of salt, limestone, and coal.72 Being a former Syracuse resident
himself, he was familiar with the geology of the Central New York area. Cogswell found
Onondaga Lake and its surrounding ecosystems to be an attractive source of these same
materials. With the endorsement of the Solvays in Belgium and the financial backing of Hazard
in America, Cogswell would be able to establish the soda ash factory in 1881.73 At its opening,
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the plant was capable of producing approximately 30 tons of soda ash per day using the Solvay
Process; production capacity would increase tenfold over the subsequent decade.74
It was as though Onondaga Lake was secured to a rope and being pulled by two opposing
forces. On one end, the lakefront was an appendage to Central New York’s tourism, and, on the
other, the waterbody was a vehicle for chemical manufacturing. By the turn of the century, it was
clear which outlook possessed the most leverage and would win the figurative tug-of-war.
Whereas each end was capable of coexistence for some time, namely in the final decade of the
nineteenth century, industrial operations would eventually undercut the viability of lakeside
resorts with their intense contamination. One by one, the resorts around Onondaga Lake closed
down or deteriorated. The idealized vision of beautiful Onondaga Lake that inspired so many
recreational establishments was lost in the clouds of pollution that billowed from the ventilators
of the Solvay Process Company (see Image 4). The power of and the affinity for industry, as well
as the failure of key infrastructure including the early municipal sewer and nearby industrial
waste disposal systems, led to the demise of the Onondaga Lake resorts. Regarding the latter, it
was all too common for wastewater from domestic and industrial facilities to bypass treatment on
account of systems with insufficient hydrological capacities and accelerate nutrient loading. That
is, water that was meant to be filtered before discharge, during situations of high water outflow,
would be pumped directly into Onondaga Lake without a second thought and bring with it
substantial amounts of phosphorus and ammonia, among other nutrients. Moreover, the industrial
facilities located adjacent to the lake would not only discharge their fair share of chemicals into
the water body, but they would also emit outrageous amounts of smoke, which would virtually
suffocate resort-goers (see Map 9).75 Negative externalities were essentially levied upon the
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area’s natural appeal, namely in the eyes of visitors, thus putting a certain end to a period of
mostly positive interactions between people and the natural environment around them.

Image 4. Main Solvay Process Company factories by Onondaga Lake shoreline (Source:
Onondaga Lake Superfund Site website, accessed May 3, 2020).

Map 9. Location of former Honeywell facilities and disposal sites (Source: Onondaga Lake
Superfund Site website, accessed May 1, 2020).
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Barely a year after the Solvay Process Company set up shop in Syracuse, there was no
question that industrialization would have considerable, long-lasting impacts upon the natural
environment of the area. One of the first distinct changes that stemmed from such developments
had to do with the amount of fish that could be pulled, commercially or recreationally, from
Onondaga Lake. The Onondaga Lake white fish (Coregonus artedi) and the Atlantic salmon
(Salmo salar) diminished from 20,000 to 1,000 pounds in just four years – by 1885 – likely on
account of chemical waste being suddenly discharged directly into the water body or nearby,
reducing the population size. It was noticed shortly thereafter, in 1898, that these species had
entirely vanished from the lake.76 Whereas it would be generally difficult to attribute the decline
in fish populations with a single catalyst such as the industrial sector or, more specifically, the
Solvay Process Company, especially within such a notoriously non-static ecological space,
ensuing actions that caused tremendous environmental shifts would allude to their roles as part
and parcel offenders. Preliminary sewer systems were also being installed at the end of the
nineteenth century, prompted by a ban of backyard privies in the city of Syracuse in 1896, the
majority of which flowed directly into Onondaga Creek or Harbor Brook and, ultimately,
Onondaga Lake. This inflow was rich with various oxygen-limiting and, therefore, deadly
nutrients and pollutants as well.77
Times changed, and Onondaga Lake’s prestige as a resort location evaporated quickly as
industry physically took hold of the region. With the mobility afforded by the automobile and the
increasing pollution of Onondaga Lake and its nearby ecosystems, people abruptly began to view
the area’s amenities as undesirable for any form of leisure.78 Moreover, at this time, both
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vacation-goers and locals characterized the lake and the areas around it as “unsightly.”79
Immense amounts of hazardous, industrial wastes – compounds of calcium carbonate, calcium
hydroxide, and calcium silicate – were produced by the Solvay Process, much of which were
disposed of at the southern end, and later on the western side, of Onondaga Lake.80 Despite
moving salt production away from the Onondaga Lake area in the 1880s and into the Tully
Valley, approximately 15 miles (~24.1 km) south of Syracuse, salinity measures were alarmingly
high.81 By 1901, the first piece of legislation regarding the use of the lake was issued: a ban,
promoted by the state government, on ice cutting because of detectable impurities and possible
health risks.82 Though barely beginning to recognize the severity of the lake’s contamination, the
ice regulation would prompt the manifestation of a slew of policies down the line surrounding
public access to and utility of Onondaga Lake. These policies would primarily include: a ban on
swimming in 1940 and the prohibition of fishing in 1970, among others.83 The body of water was
taking on a new, unfortunate reputation, one defined by its impaired condition.
In 1907, the Solvay Process Company was threatened with legal action by the State
Attorney General, William S. Jackson, for discharging their residual waste directly into
Onondaga Lake (see Image 5). Consequently, land was purchased from the estate of Frank
Heberle, the former owner of a popular lakeside resort, where the salty refuse could be deposited
into designated sites, now referred to as the Solvay waste beds (see Map 10). Domestic waste,
meaning sewage sludge, and random demolition debris from Syracuse also amassed at the waste
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beds for a short duration.84 Waste beds were positioned mainly in what was a low, swampy area
of land around the southern and western shorelines of Onondaga Lake behind a bulkhead.
Adequate containment such that chemicals were no longer leaching into the nearby water system
was improbable, given the incessant arrival of more and more waste each day. The waste beds
never became any less full and, as a result, were known to reach heights of approximately 80 feet
(~24.3 m) or above. Moreover, they tended to take up about 3-square miles (~7.8-sq. km) of land
each.85 The depositories transformed the terrain around the perimeter of the aforementioned
sections of the lake, notably obstructing the viewshed, interfering with any possible land-use
alternatives, and essentially deepening the rift between people and nature.

Image 5. A pipe from the Solvay Process Company dumping into Onondaga Lake (Source:
Onondaga Lake Superfund Site website, accessed May 1, 2020).
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Map 10. Historical locations of Solvay waste beds near Onondaga Lake
Lake Superfund Site website, accessed May 1, 2020).

(Source: Onondaga

Unsurprisingly, the Solvay Process Company was not the only polluter of Onondaga
Lake and its surrounding habitats. Crucible Steel, the General Motors Fisher Guide Plant, Bristol
Laboratories, and Syracuse China, though each a pillar of the area’s economy, were also
contributors to the toxic medley that permeated much of the ecosystem. These companies, as
well as an estimated 135 others, throughout the first half of the twentieth century, operated
largely unchallenged despite their questionable, unsustainable practices and methods of waste
disposal.86 Together, they boosted levels of chloride, sodium, and calcium, among other
elements, in the lake by collectively depositing millions of gallons of wastewater directly each
day. Syracuse was nationally recognized as a heart of industry, especially during the second
86
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world war when the city’s businesses could provide a great deal of necessary machinery and
supplies.87 Unequivocally, this idea bolstered the notion that business could reasonably continue
as normal, despite the ecological damages that were manifesting.
At this same time, Syracuse also struggled to get a grip on its rampant wastewater issues.
In 1907, to hamper persistent sewage-related problems, the Syracuse Intercepting Board was
created. Though wishing to overhaul the wastewater management infrastructure of Syracuse and
clean some of Onondaga Lake’s tributaries, the Intercepting Board’s main accomplishment was
the implementation of a pair of trunk sewers. Though enabling the conveyance of a greater
volume of dirty water toward the lake, it did little to intervene with or remediate the chemically
imbalanced, nutrient-rich waterways. With high levels of nutrients, eutrophication was enabled.
Algae could proliferate using the nutrients as fuel, blocking out sunlight from penetrating the
surface of the lake. As plants and the algae eventually died from not getting enough light, they
decayed, depleting the remaining oxygen supplies in the system and thereby making life for all
other species virtually impossible.88 By 1922, intercepting sewers were completed in the city,
allowing for the confluence of stormwater and wastewater, and three years later, in 1925, a
primary treatment plant was established that facilitated primary disinfection (i.e., the removal of
larger contaminants and some suspended solids).89 Effluent water, which was treated at the plant,
was released directly into Onondaga Lake, as it always had been, and sludge was incorporated
into the Solvay waste beds. Combined sewers coupled with an insufficient hydrologic capacity
increased the likelihood that raw sewage could bypass treatment and enter Onondaga Lake
during every large storm or snowmelt, dramatically increasing levels of phosphorous, ammonia,
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nitrite, and other harmful bacteria and microorganisms.90 Algae blooms could thrive under such
conditions, reducing oxygen levels, and having adverse effects on all forms of aquatic life.91
Ultimately, whereas conscious efforts were made to diminish pollutant loading via untreated
wastewater entering Onondaga Lake, in the early twentieth century, new infrastructure tended to
exacerbate the pervasive issue and hinder any potential for a natural ecological recovery.
In 1943, the southwestern shoreline of Onondaga Lake experienced the effects of the
ongoing pollution head-on. On Thanksgiving Day, early in the morning, the retaining walls of
one of the waste beds containing an exceptional amount of industrial refuse gave way. More than
1-square mile (~2.6-sq. km) of land was inundated with eight feet (~2.4 m), including the New
York State Fairgrounds, State Fair Boulevard, private properties, and a segment of the Delaware,
Lackawanna and Western railroad. Many reports speak of cars that were carried some distance
and homes that were flooded as the mass of goo spread around (see Image 6).92 Fortunately, no
one was killed during the incident. However, at least twenty volunteer rescuers required some
degree of treatment for chemical burns that were sustained during their efforts.93 Onondaga Lake
primarily became known as a landmark of disaster. Any attempts made to preserve the lake or its
surrounding ecosystems leading up until this point were shaded over. The magnitude of the
Thanksgiving spill would awaken many to what was happening in and around the water body,
but it would be some time before any bona fide strategies would be set in motion. The public was
presumably enraged and shocked by the experience. Yet, no severe penalties were legitimized,
nor were there many opinion pieces written regarding what people wanted to see either as
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compensation or to prevent such catastrophes from occurring again.94 In exchange for hundreds
of acres of land to be developed as public highways and State Fairground parking lots, the state
dropped all charges against the Solvay Process Company for the monumental sludge spill.95
Things would continue to get worse for Onondaga Lake before they would become better.

Image 6. Chemical spillage from retention wall failure of a Solvay waste bed (Source: Syracuse
Post-Standard online archives, accessed May 2, 2020)
From the 1920s through the 1980s, Onondaga Lake experienced relentless pollution and
neglect that fundamentally neutralized all aims to rehabilitate and conserve the body of water and
its associated ecosystems. With each effort made to bring people closer to the natural
environment, some form of behavior or mentality tended to stand in the way and worsen levels
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of degradation instead. For instance, during this time, designs were drawn up envisioning a park
that would encircle the whole of Onondaga Lake and provide not only a physical buffer between
urban space and the natural environment but also to make a site where people could bridge an
ideological gap between the two.96 Whereas a park was established on a portion of the eastern
shoreline in 1930, complete with the Salt Museum and a reconstruction of the Ste. Marie
mission, the lake was consistently emitting a potent stench and was visibly grotesque, leaving
visitors with a negative impression and compromising the intended purpose of the grounds.
Additionally, to draw attention to the critical condition of Onondaga Lake, municipal, state, and
federal agencies conducted limnological studies that contrasted the poor quality of the water to
others nearby or around the country.97
Despite stirring a substantial amount of unrest among locals, as well as sparking some
level of interest in beautification and restoration efforts, the industrial enterprises of the area
expanded their practices only intensifying pollutant loading. The Allied Chemical and Dye
Corporation, and later Allied Signal Inc., successors to the Solvay Process Company formed
through company mergers, began the production of chlorine using the chloralkali method, which
utilized high amounts of mercury cells in their manufacturing processes. About 22 pounds (~9.98
kilograms) of mercury were subsequently released into the lake, its tributaries, and nearby
wetlands every day between 1950 and 1976. At the same time, sewage and other substances like
benzene, toluene, PCBs, cadmium, and chromium were also continually entering the system (see
Images 7 and 8).98 Onondaga Lake was solidifying its position as the “most polluted lake in
America.”
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Image 7. Aerial viewpoint of chemical leakage from Solvay waste beds (Source: Onondaga Lake
Superfund Site website, accessed May 1, 2020).

Image 8. Aerial viewpoint of chemical leakage from Solvay waste beds (Source: Onondaga Lake
Superfund Site website, accessed May 1, 2020).

Maassen 44
Socially and politically, the standards for clean water were raised in the United States in
the 1970s. More specifically, the acceptance of the Federal Clean Water Act in 1972, engendered
by the blossoming of the contemporary environmentalist movement of the 1960s, set in stone the
idea that water as a critical resource must be safeguarded. Additionally, wastewater was required
by law to undergo basic treatment processes before being released back into the natural
environment. In New York State, it was the Department of Environmental Conservation (DEC)
who became responsible for enforcing the Act, overseen by the United States Environmental
Protection Agency (EPA).99 For some, perhaps, the anticipation of Onondaga Lake’s cleanup
came naturally with the enactment of the Clean Water Act. However, such an endeavor would be
easier said than done. Not only had decades been spent decimating the lake and its surrounding
ecosystems, but, at this point, contamination was still ongoing. To reconcile with the growing
concern from residents for access to a safe body of water, in addition to refined regulations
suddenly imposed, an overhaul of sorts was necessary. Industries could no longer operate in the
same ways, nor could the wastewater treatment facility serving the area proceed without making
some substantial upgrades. Moreover, Onondaga Lake and its associated ecosystems would need
to be treated in some regard to abate the damages already done.
A phase of reorientation would occur from the 1970s through the 1980s, building the
foundations for the strenuous ecological recovery process that would take place after the turn of
the century. In 1975, a formal action plan for lakeshore trail development and historic
preservation was approved by the Onondaga County Planning Agency, calling for more
opportunities for people to get acquainted with the lake and the space around it. Though being
pushed to the back burner soon after its adoption, the project showed a great deal of forward-
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thinking with regards to people’s connection to nature and was, therefore, still a notable
achievement.100 In 1979, the new Metropolitan Syracuse Wastewater Treatment Plant was
constructed on the southern shore of Onondaga Lake, vastly improving the water quality of one
of the water body’s primary inflows. It reduced rates of pollutant loading via both primary and
secondary levels of treatment – clarification, and aeration.101 Also, in the mid-1970s, the Allied
Chemical and Dye Corporation began to downsize for the first time in its existence, closing its
benzene plant and selling its mercury production facility. A few years later, in 1986 and 1988,
respectively, prompted by economic hardship and the enforcement of environmental precedents,
Allied Signal Inc. announced its plans to terminate its soda ash and chlorine operations.102 Allied
Signal Inc. was departing. To be left in the place of its dismantled buildings, it was decided, were
vacant, grassy fields. The intention of this resolution is ambiguous, though the symbolism is
crystal clear; nature could withstand even the most brutal of attacks by humans. The space would
leave an uninterrupted viewing point of Onondaga Lake as though to remind people of its
presence and as if to signify the notion that nature will persist even when humanity’s reign
dissipates. Whereas even collectively the shifts that transpired at this time did not automatically
fix the state of Onondaga Lake and its surrounding ecosystems, they would reinvigorate the
interest of many in preserving the water body, by and by enabling a time of ecological
reconstruction to develop.
Issues of the Metro facility and those that were caused by industrialization were being
dealt with simultaneously going into the late 1980s and 1990s. Active cleanup had yet to take
place in any capacity in Onondaga Lake or its surrounding ecosystems’ history, making the
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decisions at this time quite radical. This point is not to say that what occurred was in any way
misguided, but rather, it was momentous and would change the course of Onondaga Lake
entirely going forward. In 1989, a Natural Resource Damage claim (NDR) was issued by New
York State to force polluters of Onondaga Lake and its tributaries, namely Allied Signal Inc., and
some other notorious companies in the area, to finance the mandatory rehabilitation process.
Around the same time, the water body was incorporated into the State Registry of Inactive
Hazardous Waste Sites as a “Class 2” site, which meant that the location posed a critical threat to
human health and the state of the environment. Furthermore, in 1994, Onondaga Lake was
designated, under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), a law administered by the EPA (established in 1970), as a “Superfund” site, a space
with national priority in terms of ecological restoration.103 Onondaga Lake was acknowledged by
many around the country as a devastatingly dirty body of water, putrid in odor, and visually
repugnant. Unlike throughout much of the water body’s history, however, by the mid-1990s,
Onondaga Lake was positioned in a somewhat hopeful light, one not construed by a scheme to
make money or advance some veiled, malicious agenda. That is, it was time for Onondaga Lake
to make a return.
As is the case with anything that needs to be fixed, Onondaga Lake and its tributaries
required a plan. Moreover, to appropriately recover the water body and redeem any of its optimal
qualities – clean water, decent habitats, visual appeal, and accessibility, among others –
Onondaga Lake would require a strategy that took into account an evolving climate, a range of
stakeholder values and opinions, and deep-rooted history. The contamination issue would need to
be mirrored in terms of complexity when making any type of correction. In other words, because

103

Williamson and Hesler, 12; OLEM US EPA, “Superfund: CERCLA Overview,” Overviews and Factsheets, US
EPA, September 9, 2015, https://www.epa.gov/superfund/superfund-cercla-overview.

Maassen 47
Onondaga Lake was wrecked physically and psychologically, each in more than one way, so too
would the water body and its surrounding ecosystems need to be repaired in more than one way.
To recover Onondaga Lake from its fate as a bog of chemicals and sewage, as a site of
ruin, and as the “most polluted lake in America” was an ambitious undertaking. Yet, it was set to
be done after the turn of the twentieth century. The story of Onondaga Lake tends to be
convoluted on account of the variance in opinions that exist today around its current conditions.
Some are quick to praise the lake for having overcome so many barriers, while others are wary of
accepting that the lake is in decent shape. Nevertheless, regardless of one’s stance, Onondaga
Lake, as supported by its history, is a compelling body of water. Humans have turned to
Onondaga Lake for spiritual connections, as transportation to and from the area, as an agent for
economic interests, as a source of relaxation and recreation, as a site for the disposal of industrial
and domestic refuse, and, principally, as a bridge between anthropogenic and natural spheres. A
reflection upon Onondaga Lake’s extensive history, beginning with its geologic inception and
ending on the eve of its ecological restoration, has proven to capture a myriad of diverse
perspectives. The events of the past have all, in one way or another, played a part in establishing
the thoughts and behaviors of people in the present and going forward. Whereas the role of the
citizen watchdog was not always emphasized on account of its scarcity within Onondaga Lake’s
historical literature – especially after the turn of the twentieth century, it can be expected that
individuals held strong opinions about the affairs of the conditions of the water body and its
surrounding areas. The lack of utility of Onondaga Lake’s services to serve whatever purpose or
interest is bound to stir unrest or frustration. Ultimately, the stage has been set for the ensuing
discussion about what ecological recovery for Onondaga Lake means and how it is that the water
body can ever achieve it granted so many fluctuating actors and variables. This chapter has
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provided the context that will support discourse regarding how the lake is to be perceived in the
present moment, as well as how it should be managed in the future.
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3. Literature Review
Around the world, it is not uncommon for humans to yearn for a better quality of life.
One integral piece of this vision is an intact, functional natural environment. Unfortunately, as in
the case with Onondaga Lake and its surroundings, historical means of social and economic
progress have degraded many ecological systems such that extreme measures of restoration are
required to return or advance them to some ideal state. But, what is an ideal state for natural
settings, and how should we gauge conditions despite variations and continuous changes within
the anthropogenic and ecological domains? The following chapter attempts to convey the
complexity of deciphering an optimal state, distinguishing appropriate goals and indicators for
restoration, establishing a reasonable management procedure, and judging successes and failures,
all while dealing with issues of uncertainty, through a review of relevant literature. The chapter
will first highlight the definition and fundamental significance of ecological restoration in the
contemporary world. Then, the challenges that shroud management or rehabilitation efforts will
be discussed, namely the myths which disorient project goals, the vague nature of terms like
“success” and “failure” in outcome evaluation, and how these concepts pertain to lake systems in
particular. To round out this literature review, it will be explained how the technique of adaptive
management, which is often misunderstood within itself, can be implemented to address
uncertainties and help to achieve and maintain a resilient ecosystem. It will also be discussed
how ecological indicators should be utilized, and, briefly, how they pertain to lakes specifically.
This chapter will serve as the logical segue between the synthesis of Onondaga Lake’s prominent
history and how it should be dealt with and interpreted in its phase of recovery currently and
moving forward. The justification for this project, in which Onondaga Lake serves as a case
study, will be elucidated through a broader discussion of how ecological recovery is
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implemented and evaluated, the discrepancies that arise during such processes, and the
appropriate terminology that can be applied.
3.1 Main Terminology and Significance of Restoration Ecology
One cannot deny that the natural environment, especially when unimpaired, is a valuable
asset to the sustainability of human life as we know it. Consequently, when it comes to
mitigating or mending environmental damages, whether imposed by natural phenomena or
anthropogenic activities, there are numerous benefits. We can think of these benefits to humans
as ecosystem services. When a system is in stable condition – undisturbed and relatively
unchanging in terms of structure or function, it is capable of providing a myriad of services that
improve human well-being. However, when that same system is damaged, its natural dynamics
are hindered, and services are thereby lessened or eradicated. On the one hand, ecosystems are
usually quite resilient to disturbances of varying scales that they may encounter, meaning they
can withstand some degrees of variation. On the other hand, with such looming issues as climate
change and continual resource extraction, systems are becoming less and less able to cope. This
section of the literature review aims to tie together the notions of ecosystem services and their
classification systems, the importance of the idea of resilience, and target and goal-setting with
the practice of ecological restoration to sustainably manage the natural environment. By
reviewing the supporting terminology and addressing their definitions, the fundamental
significance of natural environmental remediation should be elucidated to support the discussion
of the case of Onondaga Lake in a later chapter.
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3.1a Describing Ecosystem Services and Classifications
The concept of ecosystem services is a vital appendage to the argument that humans are
intrinsically bound to the natural environment. Humans can utilize the services that exist within
or are generated by a system’s structure and function. Fisher et al. propose the establishment of a
clear, consistent, and operational definition of what ecosystem services are so that different
environmental-focused projects may be compared across policy contexts, time, and space.
Moreover, they claim, such a definition would help to clarify the boundaries for the
characteristics of ecological qualities of interest. The definition of ecosystem services that Fisher
et al. develop is as follows: “The aspects of ecosystems utilized (actively or passively) to
produce human well-being. As such, the term encompasses not only structural or organizational
elements but processes and functions as well, so long as they are consumed or utilized by
humanity in some way.”104 The EPA asserts in a brief online publication that ecosystem services
are often critical for human life and to enhance well-being, making them a part of the global
commons.105 It is important to specify here that, without human beneficiaries, what we know as
ecosystem services would not be services at all. That is to say, ecosystem services are a social
construct. They do not go so far as to explain the advantages of ecological structures or functions
to other organisms or abiotic – inorganic – elements. This distinction with regards to the
definition of ecosystem services is vital so that there is a clear divide as to what aspects of a
system are legitimate services and which are not.106 Ultimately, ecosystem services are a
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function of the complex interactions among species and their abiotic environment, complex use
patterns, and various perceptions by human beneficiaries.
Classification systems or schemes, within environmental management, serve as a way of
sorting and generalizing ecosystem services as they exist within specific environments.
Typically, services are organized by their subjective utility or by how they plan to be managed
within a restoration project. For instance, a series of ecosystem services may be divided up to fit
into the categories of “provisional,” “regulatory,” “cultural,” and “supporting.” Classification
systems, as explained by Fisher et al., should be informed by a sensible definition of ecosystem
services, the characteristics of the ecosystem or ecosystem services under investigation, and the
context or motivation for which such services are being considered. The use of a scheme that’s
inappropriate can lead to issues when it comes to management or research.107 The consistent use
of a single classification scheme should, therefore, be viewed with caution; a single scheme will
not accurately reflect every detail of every situation, nor will it capture each goal.108
Classification schemes are worth mentioning in parallel to ecosystem services because, at times,
they can be used to enumerate value or importance and draw connections within and across
systems. Whereas some projects may neglect to implement them, they are mentioned here to
recognize an additional step that can be used to understand and model the parts of an ecological
system.
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3.1b Conceptualizing Restoration Ecology
Today, it is virtually impossible to encounter truly pristine ecological conditions that
have been unscathed by anthropogenic behaviors. Even those systems which lack proper human
settlements have been altered to some extent due to the physically unconfined nature of our daily
operations. 109 Since the beginning of the human race, the natural environment has been utilized
as a support. To sustain our day-to-day needs, some amount of ecosystem alteration has had to
occur. As such, as much as we as humans may try to become independent from nature, we are
intrinsically dependent upon the ecosystem services which are provided by our surrounding
landscapes. Both intentionally and unintentionally, we alter the goods and services that are
provided by ecosystems, of which many make up the fundamental building blocks of life.110 We
must recognize our responsibility to other organisms and to future generations to preserve natural
resources and minimize our physical influence on the world’s dynamic landscapes to the greatest
extent possible. In cases where disturbance events happen to occur within natural settings,
whether they are due to human causes or not, we must take it upon ourselves to reinvigorate
some sense of stability through restoration or recreation.
The idea of managing ecosystems, as mentioned by Vaughn et al., dates back centuries.
But, what is considered modern, practical restoration ecology did not emerge until the early
1900s. Renowned conservationist Aldo Leopold became a major proponent for the advancement
of restoration ecology around the time he was involved in wildlife protection and biodiversity
enrichment studies.111 Perhaps, for this reason, restoration ecology is often paired with the
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discipline of environmental conservation. However, as a 2016 paper by Geist and Hawkins
points out, there is a fine line between the two. Whereas conservation deals with maintaining a
favorable state within an ecosystem, restoration is to do with recovering or recreating such
conditions.112 When systems are disturbed, according to Hilderbrand et al., conservation efforts
alone will not suffice to protect or renew ecosystem services nor the habitats which they are
attributed to. The related issues of constant human population growth and resource consumption
promote the idea that the simple maintenance of ecosystem services in their current capacities is
no longer acceptable.113 This point is not to say that environments should be expected to provide
more services via their current structures or functions, for this is not feasible. Rather,
consumption must be diminished to a point where resources may be used without disrupting
natural flows, or we must rely on our abilities to create, restore, and enhance ecosystems and
their services. Despite the significance of conservation efforts, restoration must be considered
more seriously to deal with our contemporary environmental issues adequately.
Ecological restoration is intended to salvage the benefits that stem from ecosystem
services within disturbed habitats by replicating some pre-deterioration state or by creating a new
system altogether. Sometimes, it can be accepted as a means of achieving system optimization.
More specifically, restoration can be thought of as a way of creating the conditions that will
efficiently deliver the maximum sustained benefits that come in the form of ecosystem services
and ultimately enhance the quality of life.114 It can take contextual evidence to discern which
aspects of a system need fixing, which objectives are relevant, and which methods are
appropriate. Broadly, however, efforts are intended to restore, enhance, or create functions,
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structures, or aesthetics. Vaughn et al. give the following examples of restoration work:
revegetation for increasing biodiversity or erosion control, habitat enhancements to increase the
suitability of a site for a particular species, and remediation to improve an existing ecosystem or
create a new one with the hopes of eradicating physical pollution or chemical contaminants.115
The Society for Ecological Restoration (SER), a conservation organization founded in 1988,
promotes a similar underlying purpose for restoration in their 2019 primer. They state that
improvements to human health and well-being; increases to food and water security;
enhancements to the accessibility of goods and services; promotions of climate change
mitigation, resilience, and adaptation; and enrichment of humanity’s relationship with nature are
all reasons for choosing to restore an ecosystem.116 From this, we can tell that ecological
restoration, like ecosystem services, is essentially based on human interests. Whereas ecological
factors may catch people’s attention, the process of rehabilitating a system to a state of stability
is largely based on what it takes to ensure that humans have access to the services that they need.
Returning once again to the explanation of restoration ecology shared by Vaughn et al.,
we see that there are several underlying concepts to the process that ought to be fleshed out.
Moreover, genetics, ecological succession, and community assembly theory constitute the
natural integration process by which an ecological system will assimilate restored or recreated
elements.117 Genetics play a role in that certain plants or animals are more or less likely to be
well adapted to a target ecosystem and are therefore more or less beneficial to the restoration
cause. By introducing species that are usually found in an area, or those that have been in the
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past, one may increase the chances of successful establishment. Having a large number of plant
and animal species helps ensure the genetic diversity in restored populations; this is considered
fundamental to the sustainability of populations and their abilities to evolve and recover after
future disturbance events. Ecological succession, according to the authors, is defined as the
“process by which biological community composition – the number and proportion of different
species in an ecosystem – recover over time following a disturbance event.” Going hand in hand
with genetics, succession allows for a system to become more diverse and, as a result, more
resilient to changes. Lastly, community assembly theory, as Vaughn et al. explain it, is based on
the idea that biological communities can develop differently depending on the order of arrival of
certain species. Practitioners may need to take into consideration an order of operations to
achieve the goals that they have established. As some species dominate the landscape, others
may find it difficult to become established and therefore, will struggle to survive.118 Considering
these notions at this point in our review helps enforce a standardized way of thinking about
ecological restoration, despite any differences that may exist among cases. To achieve the
ecosystem services that are so desirable for the human population, genetics, ecological
succession, and community assembly theory must be factored into management planning. These
three natural mechanisms for assimilating the changes caused by disturbance events ground
human intervention and affirm a level of implicit control within nature that cannot be sanctioned.
3.1c Setting Targets and Goals
Ecological restoration is advanced in the hopes of achieving particular targets and goals.
As stated above, the preservation or renewal of ecosystem services is generally the driver behind
restoration projects. However, in finer detail, they can vary quite a bit depending on the situation.
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“Targets” and “goals,” as terms, are virtually interchangeable. But, whereas “targets” denote
both intermediate and overarching aims of restoration, “goals” seem to constitute only the latter
of these.119 Consequently, when both are referenced in a statement hereafter, it will allude to both
objectives during and at the end of the restoration. When an environmental issue has been
recognized, planning a management approach to mitigate it must be determined after targets and
goals are set forth and agreed upon. To determine the possible outcomes for restoration, it is
conventional to select a reference site that can be used as a sort of inspiration. Ideally, the
reference site will exhibit signs of resilience and will be in decent, if not pristine, shape itself.120
This way, within the system that has an issue, the differences can be drawn out such that an
appropriate management approach can be distinguished that closes the gaps. It is often
inconceivable and wrong to completely mirror the reference site in the one that is being restored
because it is unlikely that it will be able to compare in terms of dynamics and responses fully. No
two ecosystems are ever completely alike; geographical and environmental differences support
this point. For instance, two mutually exclusive, natural lakes may both be within urbanized
spaces, but are treated and regarded in diverging ways; one could be used primarily for
recreational purposes while the other could be used as a source for drinking water. Trying to
embody a reference site in its entirety would probably be an excessive use of time and resources.
Moreover, more evidence would be required to show that the restored elements could assimilate
into the space without provoking further disturbances.121 However, reference sites may be used
to steer restoration targets and goals in the right direction, as well as to help decide what
outcomes from management might be preferable.
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One characteristic that makes ecological restoration special is that many projects are
devised locally by small groups and are implemented by community volunteers. As such, their
targets and goals ought to be determined in such a way that an abundance of interested or
affected parties are involved. From this standpoint, the decisions that go into repairing or
recreating a natural ecosystem are quite complex.122 More details on the difficulties in defining
appropriate restoration methodology and evaluation mechanisms will be disclosed in the
following section of this literature review. Ultimately, however, practitioners must decide what
levels of restoration are acceptable and at what point in time a system is considered desirable.
Must we look to the past and reestablish some former ideal state, or must we look forward and
try to plan for the future? Given earlier details within this discussion, it is fair to assume that
answering this question would be dependent upon contextual evidence regarding the people who
plan to fulfill management, as well as the conditions of the system within those timeframes. It
must be deliberated extensively and articulated clearly what target state is appropriate and
feasible for an ecological restoration project.123
In today’s world, in restoration ecology, it is vital to recognize that environments and the
elements which make them up are not static or predictable. As much as humans would like to
believe they possess the ability to control their surroundings in full, things don’t always go as
planned and system trajectories – their anticipated, data-driven conditions moving forward – may
be turned upside down due to a sudden disturbance. Consequently, restorationists – those behind
restoration practices – must plan for a future that could be transformed without any major
warning signs. The extent to which systems ought to be laid out so that they are prepared for
dealing with impending disturbance events or altered conditions is the greatest query of any
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ecosystem restoration project. In the case that the desired state for a habitat is not feasible for a
space given its current trajectory, some sort of balance must be met.124 Setting targets and goals
for a project is a pivotal piece in the process of restoration for they set the stage for the
management approach that is applied, but they also help to dictate how the natural space at hand
should be perceived by people going forward and how it can or cannot be used. The targets and
goals which are set in restoration projects stem from our collective thoughts about the
relationship between humans and the natural environment and, as such, hold a substantial
amount of power in recasting the operations we perceive as normal. Targets and goals can help
or hinder our understanding of the natural environment in the sense that we could either stop or
continue to use its resources in excess and with ignorance of the long-term implications.
3.1d Defining Ecosystem Resilience
Resilience is a quality of natural systems that is favorable, but not always achievable in
restoration work when management efforts are geared toward integrating indefinite human
controls. Ecosystems, even without human intervention, are considerably resilient and capable of
returning to a stable state in the face of some disturbance event.125 Stable states denote the
conditions of an ecosystem wherein its various elements – structural, biological, and so forth –
are adapted such that they remain relatively non-transitory; without active perturbations, they
stay the same and perpetuate their natural dynamics. It should be recognized that stable states are
thereby predictable and thus ideal to humans; they know how they must conserve the given
system to sustain their ecosystem service benefits. Carpenter and Cottingham confirm the
definition of resilience in their 1997 text, and reference C.S. Holling, a significant thinker in the
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world of adaptive management while doing so.126 The fact that we live in a complex world is
made especially evident by the idea that every distinctive habitat has different dynamics, levels
of resilience, is compositionally unique, and systems are in constant motion as the human and
natural environments evolve. Walker and Salt contend that these points about complexity pertain
to the ability of an ecological system to absorb a disturbance such that it retains its basic
structure and function. In other words, they relate to the resilience of nature in the face of change
or disruption.127
When it comes to environmental management, whether that's in the form of natural
resource conservation or ecological restoration and recreation, it is advantageous to have a
system that is highly resilient because that means that ecosystem services may continue to be
provided despite any disruptions. Whereas we as humans should seek to minimize our impacts
upon the natural environment, physical expansion and a more intensive extraction or utilization
of natural resources feel inevitable given our growing population and intrinsic desires to
intellectually or technologically advance our society. Therefore, as Walker and Salt state, we
must think presently in terms of sustainability and how we can meet and potentially modify our
system demands without "eroding the potential to meet future needs."128 A system that is no
longer resilient is considerably vulnerable to disturbance events and can have tremendously
adverse impacts on human life if allowed to happen; we sometimes don’t have a say in when
disturbances are going to happen. Consequently, the idea of resilience has been raised here in the
literature review as a fundamental concept because it signifies an inherent barrier between
natural and anthropogenic domains that ensures the sustainability of resources in the short and
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long terms despite any changes that may occur. Restoration work can help to reinforce resilience
mechanisms within systems that are being recovered or created anew and thereby conserve the
benefits – ecosystem services – that are so essential to daily life.
Degradation, according to Walker and Salt, can be attributed to four main causes
including large populations with poverty wherein intensive resource use is a matter of survival,
"perverse incentives" which encourage or tolerate intensive resource use with the belief that
science or technology will be able to come to the rescue, underlying human desires to acquire
and use resources as a show of power competitively, and ignorance or misunderstanding in the
significance of the decline of resources. This point is to say that humanity's relationship with the
natural world is, to some extent, allowing for the degradation of its quality and the depletion of
its assets to occur.129 Therefore, ecological restoration can be thought of as a test for our current
ecological understanding, as well as the way we perceive the natural world and our relationship
to it. Consequently, whereas projects should always aim for successful ecosystem recovery or
creation, any failures that do happen to occur can reveal gaps in our broader understanding of
ecology. Despite clear signs that we must change our ways of life to lessen the burdens placed on
natural environments, for whatever reasons, it seems that society at large has voted to maintain
life as usual until a loss of goods and services is realized.
This section of the literature review has attempted to relate the notions of ecosystem
services, target and goal-setting, and the importance of resilience to restoration ecology as it is
understood in today’s world. Using the ideas shared above, the doors to discussion regarding
Onondaga Lake’s restoration work in a later chapter can begin to be pushed open. Moving
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forward, the issues which face restoration ecology and hinder the abilities of humans to manage
natural ecosystems properly will be described.
3.2 Challenges of Ecosystem Restoration
The challenges that humans face in our contemporary world differ from those that were
experienced in the past, in part, from the amplification of human influence and thus the
aggregation or “scaling up” of local issues into regional or global dilemmas. Adversities that are
encountered in one corner of the globe are likely to travel elsewhere or to induce similar effects
in some other locations. It is the case now more than ever before that everything is connected to
everything else, within natural systems, as well as among humans. As such, it is necessary to
plan and implement equally or sometimes more rigorous ecological management approaches,
when it comes to restoration ecology, to ensure that all aspects of change are adequately
accounted for. All restoration projects, regardless of their size, must carefully take into
consideration the complexities which inhibit straightforward management. Projects differ
circumstantially from case-to-case and therefore, must be dealt with as such. They must take on
uncertainties, work around the myths that hamper management work, acknowledge and confront
the difficulties that come in framing an issue and thereby determining success or failure, and
cope with how to go about choosing the proper project indicators, all the while paying close
attention to more than just changes to do with ecological factors, but also those which pertain to
social, political, and economic facets of life. This section of the literature review aims to
introduce each of these complexities and discuss how they shroud restoration ecology today. By
overviewing these problems and discussing their implications in a general sense, the sheer
intricacy of restoration work should be made clear as it also applies to the case of Onondaga
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Lake. Reviewing the issues will help to understand why particular conflicts or inadequacies in
terms of restoration work may exist within and around the Lake and what is perpetuating them.
3.2a Discerning an Appropriate Scale
As mentioned above, one issue that restoration work must reconcile with is that of scale
– determining how much can be done and to what extent with regards to a particular site that has
been disturbed. One aspect that makes environmental challenges complex today is their tendency
not to be confined and, therefore, unable to be handled “locally.” That is, the influence of
humans has been enlarged such that issues which could have formerly been dealt with or
mitigated by entities that live or preside in that same area are now beyond their control.130 Allen
et al. describe how problems extend beyond borders and the wherewithal of smaller-scale
management approaches, especially when exacerbated by overarching matters. These include
things like climate change, global land-cover and land-use change, alterations within ocean
chemistry and circulation patterns, and fossil energy and water shortages.131 For this reason,
restoration projects deal with environmental issues differently in terms of scale. Some projects
will fixate upon particular criteria that necessitate immediate attention, while others may seek to
restore an entire system, depending on the size and geographical context. Whole-system
rehabilitation, as Geist and Hawkins implicate, is not inconceivable. Still, it is usually far less
probable, especially in urban locations – those where significant human developments have been
made and cannot be disassembled.132 Smaller-scale projects may appear to be more successful
than larger ones but may deal with fewer variables and not deal with the entirety of an issue.
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Comparing smaller and larger-scale restoration projects, though supported by similar
motivations, implicate varying methodologies and tools for evaluating progress toward a
system’s stable state. Ultimately, the scale is a primary level of differentiating ecological
restoration projects and adds to the complexity of how they are fulfilled and thus perceived.
3.2b Acknowledging Uncertainties
Not only are ecosystems continually changing, but they are all compositionally
dissimilar, meaning that restoration projects cannot ever be approached in precisely the same
fashion. Natural systems will experience the effects of disturbance events in totally different
ways, therefore doing planning and implementing restoration all the more challenging. The way
that environmental management is executed must account for unanticipated changes inside or
outside of the system at hand and be aware when creating models that such changes may not
happen on a cause-and-effect type basis. In other words, alterations within a natural system can
be uncertain, but they must still be taken into consideration during designing and implementing
management strategies.133 In a basic sense, uncertainty is to do with the inability to confirm the
veracity of knowledge that currently exists on a particular subject. In terms of environmental
management, this lack of assurance is generally signaled by vague or open-ended plans,
methods, or expectations. In this way, uncertainty describes a purely human perspective on the
state of nature and does not necessarily reflect what things are like. Moreover, uncertainty
suggests the existence of a discrepancy or lack of total understanding about the structure and
function of a natural system.
Uncertainty can cloud rightful thinking about natural systems and lead to the total
disregard of key dynamics or relationships. Allen et al. distinguish four prevalent sources of
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uncertainty: environmental or ecosystem variation, an inability to observe the status of resources
fully, an ability to keep a system controlled such that the influence of management strategies
cannot be sufficiently detected, and a lack of understanding or disagreement as to how biological
or ecological elements out to be or do interact.134 From this, it becomes clear that it is not only
challenging to identify uncertainties – the unknowns – within restoration work and how to deal
with them, but also what is instigating those uncertainties to arise in the first place. A failure to
perceive uncertainties and where they are coming from can simply lead to unsatisfactory
restoration outcomes, as Hilderbrand et al. put it. A system may be altered such that it is not fit to
handle or respond to future events if the site that is restored or created fails to factor in the
likelihood of unpredictable changes.135 Attempts at standardizing ecological restoration for
particular types of systems – terrestrial, aquatic, and so forth – limit the extent to which nature
can build resilience and thereby maintain its ability to provide humans with ecosystem services.
Myths of ecological restoration, disclosed in the next part, constitute the practical limitations that
are often ignored when it comes to humans helping to better their natural surroundings. We must
recognize, as Hilderbrand et al. writes, “our tendency as humans to rely on partial truths and
assumptions when implementing ecological restoration and management projects.”136
3.2c Accepting Myths about Theory and Practice
As humans, we strive to be relatively consistent in our day-to-day operations because it
allows us to have control and to predict what is going to happen. When it comes to ecological
restoration, being consistent is not necessarily going to implement the type of work that is
needed from case-to-case. Whereas particular practices within restoration ecology should apply
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to more than one restoration project, such as the planning and monitoring, the methodology – the
steps taken to achieve the desired state of a natural system should be variable and dependent
upon social, political, economic, and ecological contexts.137 This part of the literature review will
examine the myths that are described by Hilderbrand et al. in their text “The Myths of
Restoration Ecology,” which are used to delineate the insufficient approaches commonly taken
to ecosystem restoration. Moreover, the challenges that tend to misinform projects, convincing
them to chase the wrong goals, use the wrong methodology, or not meet the system’s desired or
needed outcomes will be discussed. Restoration work has similarities across project perimeters,
but reliance on a single management approach merely is inadequate in the contemporary world.
The first myth that Hilderbrand et al. examine is that of the "Carbon Copy." The Carbon
Copy is related to the selection of restoration goals, and it maintains the idea that we can restore
or create an ecosystem fully to copy a previous ideal state. The myth is based on the notion that
an ecosystem will develop in predictable ways toward a static or fixed endpoint. In other words,
once the ecological recovery process is fulfilled, things will remain in some form of equilibrium
thereafter, unless altered deliberately. It is then assumed that any damages or disruptions that
occur within the environment will cause a "reset," and a phase of rebuilding will necessarily
return the system, once again, to its optimal state. Hilderbrand et al. contend the main reason that
the Carbon Copy situation persists in the contemporary management of the natural world is that
the underpinnings of the field of restoration ecology enforce the concept of ecological succession
and community assembly rules, described above.138 Respectively, these concepts encompass the
tendencies for biological communities to evolve and the framework that explains the similarities
among communities across different sites. Together, according to the authors, the concepts
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support the idea of a stable endpoint in restoration. It is questionable to believe that succession is
ever really in a state of equilibrium or that it can be predicted or controlled to contrive some
predefined state, especially under human time scales. This is because ecosystems, namely the
species that make them up, are always in flux and are adapting to conditions around them.139
At its most extreme, Hilderbrand et al. remark, the Carbon Copy myth can influence
projects to manifest an interest in returning to an all-natural or primeval state – an environment
that existed before the settlement of any Europeans in North America.140 Whereas concerns
about the "naturalness" of a system are valid, especially in areas that are mainly urban or
developed by humans, it is problematic to assume that those spaces can or should ever return to
their original state of being. In the most basic sense, this management decision would resemble
the act of trying to fit the piece from one puzzle into an open space within another; the piece
may, by some chance, fit into the open space of that second puzzle. However, it will have a
different pattern and thereby not complete the picture. By the same token, two versions of the
same physical space, compared across time, ought not to be perceived as having the same
trajectories – the same abilities and expectations. It is unlikely for any sort of debate to follow
the claim that a pre-disturbed environment is usually favorable to that of a degraded one.
However, simply put, it is nearly impossible to devise a perfect recreation of that same space.
One element that contributes to the diminished viability of the Carbon Copy is the sheer
number of non-native species, which have infiltrated practically every North American
ecosystem. Ridding a system of every species with a foreign origin and reintroducing only native
species would be monumental. Still, it is not remotely possible on account of the level to which
systems are currently integrated. That is, ecosystems function and provide services now;
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stripping habitats of many of their "settled'' species would only counter this point, potentially
causing even more damages.141 Assuming the species replacement could appropriately be
managed, there arises the question: To what point in time does one look for insight? Lest we
forget the inconceivable expanse that is the time before "modern" American civilization. Even
still, when the optimal state for a particular ecosystem has been distinguished, it must be
pondered: How will we reconcile with the changed parameters and drivers of ecological
functionality? As Hilderbrand et al. mention, we now live in a world where things like rising sea
levels, atmospheric acid deposition, and altered hydrology because of urbanization, dams, and
water withdrawals can substantially misconstrue the structure and function of an ecosystem via
changes in salinity, soil and water chemistry, and hydrography and geomorphology, respectively.
Using the author's analogy as well, "we may aim at a target that is not only moving, but also at a
target that is no longer attainable at a specific locale."142
Because the primary driver of ecological restoration is to renew ecosystem services,
functions, and aesthetics, primeval conditions may not be adequate. Moreover, pre-disturbance
conditions may not accommodate present-day lifestyles to the extent that people hope that they
will. In the case that ecological restoration downgrades an ecosystem, fails to provide the desired
outcome, or degrades the quality of the system further, it is rational to believe that social and
political tensions will materialize.
The second myth that Hilderbrand et al. review in their 2005 article is that which they
refer to as "The Field of Dreams." The idea is essentially that, once a particular ecosystem has an
appropriate physical structure in place, the biotic composition and function will self-assemble on
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their own; living organisms – plants and animals, among others – will emerge.143 Maintaining the
puzzle analogy formed above in the discussion of the myth of the Carbon Copy, in this situation,
it would be as though one simply dumped out the puzzle pieces from the box, laid them all faceup, and assumed, without making any connections, that the picture would be complete. One may
be able to see the individual fragments of the image printed on the puzzle, but the final product
will be nowhere near finished; some assembly is still required. Likewise, in an ecosystem,
whereas the creation or establishment of physical space, when performed correctly, is often a
critical step in restoration work, it must be specified that it is not usually the final step. The
assembly of species is assumed to follow the trajectory that it did in the past – the one that got it
to where it was when some disturbance that warranted rehabilitation occurred. Therefore, once
again, uncertainties are implicitly discounted and ignored during the planning and
implementation phases of a project. It is in this way that an acceptance of The Field of Dreams
myth can lead directly to the trap that is the Carbon Copy myth.144 Multiple endpoints are
implicitly recognized in this "self-designing" approach wherein only structural elements are
managed. However, species composition is uncontrolled, and therefore it cannot be assumed that
it will reach an optimal state; the effectiveness is ultimately dependent upon the underlying
restoration goals.
The main takeaway from the notion that Hilderbrand et al. name the myth of The Field of
Dreams is that an effective renewal of physical attributes can create a template for the return of
species and other biotic factors. Still, physical structure alone does not necessarily implicate the
manifestation of similar ecosystem functions across sites. Moreover, how a system sustains itself
can vary among locations, regardless of whether or not particular structural elements are present.
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To practitioners, a self-designing or self-assembling system can be appealing, especially when
there are temporal or monetary constraints for their project. This way of managing can reduce the
degree of effort that is required to restore a damaged or a sub-optimal ecosystem; Hilderbrand et
al. contend that this is why the Field of Dreams is so commonly employed when it comes to
contemporary issues of habitat rehabilitation.145
Another myth that Hilderbrand et al. review in their text is that which they call "FastForwarding." The premise of Fast-Forwarding is that, by controlling critical processes of
ecological development, the amount of time that it takes to achieve a functional or desired
ecosystem can be reduced. More specifically, the authors call out dispersal – the movement of
species after they are planted or released, colonization – the spread of these species into new
areas, and community assembly as the pathways that ought to be restrained to some degree. The
driving assumption of this myth is that we can effectively recreate processes and links between
species and the physical environment such that they are integrated and no longer require any
form of human intervention to maintain their growth and longevity. The myth of FastForwarding is usually ideal when it comes to environmental management because it is thought of
as minimizing the time that it takes to observe any changes and, therefore, useful to renew a
space's economic, social, and cultural values on a truncated timeline.146
Projects that justify the use of the Fast-Forwarding technique will usually jumpstart the
recovery process by employing desired species from the get-go. As opposed to managing
elements step-by-step, as things are yielding positive results, Fast-Forwarding invokes the
mentality that most, if not all, pieces of recovery can be implemented simultaneously without
strain or any contradictions. Hilderbrand et al. contend that disappointment may be a more
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realistic outcome of a speedy recovery, for the likelihood of a natural system to adopt
constituents, to accept a new physical structure, or to begin functioning in some idealistic way
abruptly.147 In our puzzle analogy, we may think of Fast-Forwarding as attempting to put
together a series of puzzles at the same time instead of just one. For instance, by completing four
puzzles next to one another concurrently, the idea is that four pictures will be completed using
less time and effort than what it would have taken to complete the four puzzles, respectively. In
actuality, this may cause some amount of confusion or stress for the individual completing the
puzzles as they must pay attention to the progression of each picture and make sure that no
pieces are being mixed up. Just like with Fast-Forwarding, as Hilderbrand et al. tell us, four
puzzles can technically be completed all at once, but it may prove to be much less effective or
efficient than if they were to each be dealt with on their own time.
Hilderbrand et al. conclude their discussion on the myth of Fast-Forwarding by saying
that, although there is nothing inherently wrong with the goal of accomplishing ecological
recovery on a smaller time horizon than is found in nature, people should not be so intent on
achieving a desired state in the current moment and indefatigable in their planning such that the
system's potential future state is ignored.148
The idea of the myth of the Cookbook is to do with the application of the practices of one
successful restoration to other restoration processes, regardless of context. This Cookbook gets
its grounding in the claim that "science has little relevance if the results are not repeatable."
Humans inherently want to solve their issues with as little fuss as possible. By the same token,
when it is shown that one approach to ecological restoration works for one system, people are
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going to be determined to try to make it work for a system somewhere else.149 As is the case with
Fast-Forwarding, there is nothing wrong with preferring a more straightforward approach to
handling environmental damages or dysfunctions. Still, it must be recognized why the
simplification of complex procedures can be problematic and potentially cause even more harm.
If the natural environment was one coherent entity in which every system responded to changes
the same way despite any biological differences, humans would have probably destroyed them
all by now. But, on a more positive note, it also might be possible that we as people could have
developed a suitable protocol for coping with and handling ecological issues no matter where
they were or how they occurred. In real life, restorationists must respond to environmental
disruption events on a case-by-case basis. As Hilderbrand et al. confide, it is a reasonable starting
point, in restoration ecology, to look to other systems that appear similar or those that have the
type of structure or functionality that is desirable. However, between such systems, there can be
considerable differences that would make the prescription of a single management approach on
more than one system consequential.150 Adding to that point, it would be difficult to believe that
the outcome of both systems would be all that similar.
In terms of our puzzle analogy, the Cookbook myth would be comparable to a situation in
which, after one pair of pieces has been completed, an individual assumes that their time and
effort, if they just use the same approach, will be reduced and they will achieve the same result.
In actuality, unless the puzzle is completely identical, the resulting picture will be somewhat
different, even if the puzzle is of the same subject, and the individual will need to use a slightly
altered approach to complete the task. Whereas the puzzle analogy, in this case, is perhaps
oversimplifying the issue or not the most accurate depiction seeing as which there are, in fact,
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some systematic ways that people complete puzzles, underlying principles can be recognized and
applied to ecological restoration. When dealing with a specific type of ecosystem, using
management practices verbatim from one case to the next will not necessarily yield a similar
outcome on account of the finer details – unique ecological histories, differing assembly rules,
and distinctive functional roles of ecological components – and overarching constraints of
natural spaces like the changing climate.151
To conclude their discussion of the myth of the Cookbook, Hilderbrand et al. clarify that
they do not mean to endorse the notion that new management styles need to be invented as per
each restoration project. Instead, they suggest that a suite of methods ought to be developed so
that a best-fitting approach can be selected wherein site-specific adjustments can be made. In
other words, the types of practices that are used for recovering various natural systems can be
consistent from case to case so long methods that are appropriate are determined via some form
of discourse, contextual information is factored in, and the proper steps are ascertained and then
taken. Ecological restoration should undoubtedly occur in our contemporary world. However,
practitioners should heed caution in design and practice due to "our inability to predict the exact
response of an ecosystem to manipulation."152
The final myth that Hilderbrand et al. discuss in their text is that which they refer to as
the myth of Command and Control. As the name suggests, Command and Control describes the
sentiments that goals of ecological restoration can be achieved by "active intervention and
unending control, or manipulation of physical and biological components." Naturally, the myth
rests upon the belief that we as humans have the knowledge, the physical and financial means,
and the foresight to always be conserving an ecosystem's structure and function, once it has
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reached an optimal state, indefinitely into the future. Hilderbrand et al. explain how issuing a
Command and Control approach will invariably diminish a natural system's resilience; natural
variation and adaptive capacity will be restrained such that the system inadequately responds to
disturbance events. Moreover, they alert that, if resilience decreases in this way, the
susceptibility of ecosystems to turn to an undesired or degraded state will escalate.153 In PahlWostl et al.’s text, it is also advised that restoration efforts steer away from Command and
Control mentalities specific to lake management (more on that later).154
An analogy involving puzzles for the Command and Control myth is difficult because of
the fact that puzzle-building has a definitive endpoint – total attachment of each piece and the
realization of the final picture. For this reason, to better understand the idea of Command and
Control, we can look to the allusion that Hilderbrand et al. make in their writing. The authors
state that the practice of Command and Control resembles the story of Sisyphus, the character of
Greek mythology that is "compelled by the Gods to forever push a heavy boulder uphill." Each
time that Sisyphus nears the top, his exhaustion gets the best of him, and the boulder rolls back
down to the bottom where the character must begin again. Hilderbrand et al. write that, like
Sisyphus, restorationists can become trapped in the endless cycle of exerting effort to compel
ecosystems to remain in a particularly stable state which results "in repeated episodes of surprise
and crisis;" this predicament is hereafter specified as the "Sisyphus Complex." The Sisyphus
Complex emerges when practitioners attempt to use Command and Control tactics to perpetuate
an idealistic state of a restored ecosystem or force a system to exist in a transient state.155
Whereas human intervention is inevitable at many points in an ecosystem's recovery, especially
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given the theoretical purpose of restoration ecology, actions to be avoided are those that are longterm in nature or will hamper a crucial variability in vital processes like hydrology.
The Sisyphus Complex can be especially pervasive in situations where political and
social pressures lead practitioners to maintain a system in a particular state despite scientific
evidence that favors the contrary.156 Situations like these can allude to the greater disconnections
between humans and the natural world and the discriminatory relations which bind them
together. More specifically, even in our contemporary world, people have expectations for their
surrounding environment and how it can be used to their advantage or to improve their wellbeing, despite indications that there must be a release of suppression to some extent. Ultimately,
the Command and Control approach to environmental management takes human intervention
much too far and unlocks the door for further disturbance events.
One central theme that runs through each myth to some extent is a failure to identify, plan
for, and address uncertainties. When it comes to rehabilitating or recreating a natural space,
practitioners understandably prefer rigid plans because they get the ecosystem at hand to where
they want it to be without any sort of dispute or complication. Uncertainties are often
overlooked, however, and considered to be gaps in knowledge that cannot be accounted for in
restoration. The failure to account and plan for uncertainties can reduce an ecosystem's
resilience, therefore making it more vulnerable to disturbances; it will be less capable of
responding and then adapting to future drivers or chance events. Whereas it is impossible to
predict every development that is coming in the future, especially with lingering climate change,
proper decisions can help handle predicaments of uncertainty and thereby boost resilience via
diversification of approaches to management, the functionality of systems, and integrated
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species. Whereas ad hoc approaches to environmental management feel more straightforward
and efficient, only by considering and implementing a range of management alternatives will
restorationists achieve an optimal state for their ecosystem in recovery that is also sustainable
moving forward.
3.2d Developing Proper Indicators and Metrics of Success
Monitoring of a restoration project is essential to understand to what extent the methods
that were implemented were adequate in reaching the desired outcome. In the same vein,
evaluation of success is crucial to not only justify the use of particular methods in the handling of
natural resources or disturbed ecosystems but also to discern which actions may need some
modifications.157 Wortley et al. defend the use of “success” as a term for indicating the progress
of projects in meeting their goals, but Zedler describes the term and its counterpart – “failure” to
be unhelpful and too vague. The evaluation of success in ecological restoration must grapple
with elements of subjectivity. That is, people's values and interests will inherently interfere with
how they interpret the outcomes of a project. If they wish to see certain changes, or if they place
higher importance on one ecosystem service over another, they will be more or less convinced
that a project has been successful in its efforts.158 This conflict synthesizes another complex
point within restoration ecology, which is to do with how targets and goals are assessed.
Whereas people like to use “success” and “failure” to differentiate management approaches that
worked or didn’t, interpreting such words can be convoluted and leave an opening for bias.
Ultimately, evaluation of ecosystem restoration work must be evaluated to gauge progress
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toward objectives outlined in, but it must be done in such a way that avoids ambiguity and
potential for misinterpretations.
"Success" is a good word to see when you're looking at information pertaining to
ecological restoration or natural resource management. One would think that seeing "success"
anywhere in the literature would be the signal of a fully, unconditionally improved – thoroughly
remediated – ecosystem. However, as expressed by Zedler, the words’ implications can be quite
unclear and can lead to a misinterpretation about how something was handled. Literature, Zedler
remarks, avoid the use of the word "failure," most likely because those who read the word are
going to assume that a restoration project has been poorly or inappropriately completed.159
Whereas people like to think of things in terms of having success or not having success (failing),
reality, in terms of ecological restoration, is usually not so night and day, so to speak. That is, the
notion of "restoration success" cannot be characterized unless represented as a "gradual and
variable process" because the assessment of a single site can be different depending on the time
and the criteria that are being used. The employment of the term "success" in restoration can
result in the oversimplification of an ecosystem, neglecting the issues that remain and the
possibilities for change from disturbance events in the future.160
The process of evaluating restoration success can be muddled by the fact that projects
often fail to deduce commonly agreed on endpoints or have simple formulas for judging
outcomes. What needs to be taken into account here is how “conditions, structures, processes,
ecosystem development, similarity to reference sites, and potential for self-sustainability (by
various metrics or indicators) are the basis of evaluation, not ‘success.’”161 “Success” and
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“failure” ignore variation among these ideas and are blanket terms to be used to simplify and
potentially spread false ideas about the conditions of an ecosystem. If 50 percent of criteria are
met within a restoration project, or any proportion that is not 0 or 100, success or failure can
reasonably be argued based on personal values and interests.162 Without having desired outcomes
determined at the beginning of a restoration project, it makes it unclear what is meant to be done
and what the appropriate steps to get there are. To this point, evaluation cannot occur because it
is left open as to what the proper procedures should be and how they should be interpreted.
In essence, from Zedler’s text, it is clear that clarity and objectivity are preferable when it
comes to characterizing recovery or the creation of an ecosystem and resource management.
Moreover, “success” and “failure” should be dropped when possible, and substitutions should be
made wherein metrics or indicators can provide more insight. Whereas Wortley et al. does not
convey such a passionate aversion to certain terms the way Zedler does, the authors also
emphasize the significance of evaluation and how measurements can distort the externalities of
the process. Whereas their paper focused on the extent to which preferable attributes were
considered and properly managed within ecological restoration projects, they consciously
avoided claims that generalized the systems as a whole. This distinction feels mandatory when
discussing how management efforts properly dealt with or not specific aspects of recovery or
restoration. While an ecosystem may not be repaired in absolute terms, specific criteria that were
set forth as goals for a restoration project may be adequately handled. In other words, adequate
ecological restoration is not necessarily the equivalent of manifesting a fully unimpaired
system.163 From this, our understanding of the purpose of restoration is only complicated further.
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The indicators or metrics that are chosen to gauge the levels of achievement of restoration
should be based on the targets and goals initially set forth in planning. Monitoring and evaluation
must take place within restoration projects, but deciding what to pay attention to and how to
decipher results can be tricky. According to Dale and Beyeler, several concerns can inhibit the
effectiveness of indicators as a management tool. The concerns that they are referring to include
having a selection of a small or homogenous set of indicators that fail to convey or account for
complexity within a system, the choice of indicators is confounded by inappropriate goals and
targets, and lacking sufficient scientific protocol to do with measuring the indicators.164
First, when monitoring depends upon a small number of indicators or those which are all
relatively similar in terms of what they're measuring, management can disregard other pertinent
factors. In other words, by fixating on a narrow grouping of indicators, simplification may ensue,
thus leading to misinformed management decisions.165 The challenge here is to assemble a suite
of indicators that measure more than one aspect within an ecological system, are easy to
understand and explain, and can track conditions at a reasonable cost. Next, Dale and Beyeler
state, having unclear or faulty goals can distort the intentions of managing a given system and
therefore result in the selection of irrelevant indicators. In many cases, according to the authors,
management efforts are linked to short-term outcomes. That is, the influence that people put onto
natural systems tends to be exercised in the name of optimization, just as Walker and Salt
describe, rather than to improve or promote any natural qualities. Having goals for
environmental management that do not adequately portray the complexities which arise within
the system's structure and functionality can make it considerably more difficult to accurately
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indicate what is going on and how methods should necessarily be adapted.166 The challenge here
is to devise goals with related indicators that are constructed upon short-term and long-term
implications of management decisions and the uncertainties which may materialize during those
frames. The last concern which Dale and Beyeler elaborate on is to do with a lack of "robust
procedures for selecting ecological indicators." The authors describe how management programs
that go about determining their indicators randomly or without some specific methodology in
mind will struggle to interpret their change over time.167 What is tricky here is to establish a
procedure to select indicators that allow tests to be repeatable and to avoid bias.
One final note that is important to pay attention to with regards to how projects are being
evaluated is to do with making connections to social, political, and economic factors. Restoration
ecology primarily deals with ecological aspects at the forefront of the action. However, many
outcomes from projects have little to do with the natural system itself. This point is related to the
fact that restoration for ecosystem services is a human-centric endeavor. Practitioners would like
to say that their work is meant to improve or protect the natural environment for its own sake.
Still, in actuality, any steps taken to recover or recreate a system that has been disturbed are
inherently linked to the desire to augment human benefits. As such, it is paramount to understand
the implications of ecological restoration on social, political, and economic factors; the
conditions of each facet ought not to be portrayed as mutually exclusive. There is a tendency for
restoration projects to neglect the long-term effects that they are having on human well-being. As
Wortley et al. state, whereas empirical evidence is being used more and more to support the use
of ecological restoration and natural system interventions by humans, there remain gaps at the
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points of understanding the broader impacts.168 The research of Geist and Hawkins, as well as
Pahl-Wostl et al., provide similar remarks to do with a failure to take into account the complexity
of the impacts of restoration during monitoring and assessment.169
3.2e Administering Lake Management Strategies
Around the globe, freshwater ecosystems are degraded on account of both natural
phenomena and the blossoming of the human population, just like all else. An abundance of
social activities threaten aquatic system services that humanity depends on for its survival. As
human influences become more and more potent in conjunction with persistent population
growth patterns and thus physical developments, their resilience mechanisms are put to the
test.170 What makes freshwater ecosystems particularly susceptible to disturbance events is to do
with the tendency for humans to develop in proximity to them to utilize their ecosystem services.
To this point, lakes, although generally quite small in size, can technically be influenced or
changed by any variation within their surrounding areas. Additionally, like other freshwater
systems, lakes are disturbed by fluctuations of solar radiation, chemical inputs from runoff,
alterations of climate wherein temperature; precipitation; and nutrient budgets are diminished or
amplified to abnormal levels, species which are variable in terms of their population from year to
year and force a reconfiguration of the food web, and fires or other events which damage or
eradicate watershed vegetation. Though not necessarily an exhaustive list of the factors that can
impact a lake, these disturbance events, provided by Carpenter and Cottingham, allude to the
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range of phenomena that can be intensified over time by unsustainable anthropogenic activities
and that can ultimately invoke the need for some level of ecological restoration.171 Given the
focus of this senior project on Onondaga Lake, a freshwater ecosystem, it feels relevant to
review the primary conflicts which instigate restoration of lakes in general and to specify how
such work is complicated.
A great deal of human history has shown a desire to manipulate water bodies or the
hydrological cycle to maximize the benefits that are experienced for one reason or another. In
doing so, as Postel and Carpenter put it, the human enterprise has actualized tremendous changes
in a small amount of time such that adverse effects have or are beginning to develop.172
Throughout the 19th and 20th Centuries, as urban populations grew and industrial and
agricultural productivity intensified, various constraints were placed on the natural environment,
and technological solutions were employed to appease human interests and to accommodate
further progress ultimately. For instance, rivers were channelized to prevent erosion and
flooding, and treatment facilities were installed to cope with high nutrient levels and improve
water quality to a usable condition for human uses. Such fixes proved to be effective in the short
run, as Pahl-Wostl et al. admit. However, long-term consequences were not always taken into
consideration. Consequently, new measures need to be taken to alleviate the impacts that
population growth and urban developments are continuing to have on aquatic ecosystems.173
As in other types of freshwater ecosystems, lakes have ways of self-healing and restoring
themselves in the event of a disturbance. According to a paper by Carpenter and Cottingham,
lake water quality and ecosystem services are maintained by resilience mechanisms which
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include: functional wetlands that enable nutrient retention, riparian forests that reduce runoff
from entering the system and act as a natural filter, and biogeochemical processes that keep
phosphorus levels at safe levels. Alterations or disappearance of these mechanisms can lead to
the severe degradation of lake systems and, therefore, a significant need for human interventions
in the form of ecological restoration.174 It is important to note here that transformed or degraded
states of lakes are also resilient. In other words, lake systems that have been subject to some
disturbance event, once altered, will become self-sustaining. Whereas the lake is not necessarily
stable in the sense that it provides ecosystem services to humans and assumes ordinary lake
dynamics, it becomes capable of maintaining its skewed state.175 For instance, a lake
experiencing eutrophication, unless active remediation or landscape modifications within the
surrounding area occur, will sustain itself as a eutrophic body of water moving forward. This
point of building resilience regardless of conditions, when coupled with the concept of having
alternative stable states, can convolute the methods by which restoration can or should be
handled even further and can raise the questions of how and when humans can reasonably
manage their natural surroundings. An important distinction that is made by Carpenter and
Cottingham is that a system can transition from one stable state to another when disturbed
without necessarily lessening its quality or inhibiting its ability to perform natural processes. The
notion of alternative stable states is positive when it comes to environmental stewardship
because it means that ecosystems are not obligated to retain a rigid set of features. However, it
can also complicate processes of rehabilitation or recreation due to a lack of clear answers about
where precisely a system should be reverted to or how it should be appropriately
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reconstructed.176 The primary role that aquatic ecosystems play in our daily lives warrants the
establishment of the conditions that will allow a disrupted system to recover naturally over time
or be nurtured via active restoration methods
All of the myths set forth by Hilderbrand et al. above are important to consider,
regardless of the type of ecosystem. Restoration may experience any number of myths depending
on the context and therefore, should not be discounted. It feels important to note that Pahl-Wostl
et al. characterizes traditional water management strategies as Command and Control in much of
the ways they operate. This point is to say that water management is inherently practiced under
the assumption of high predictability and controllability, as well as the idea that humans are
separate from the natural environment, even without contemplating the applicability of other
myths.177 Command and Control applied to lake restoration, in particular, enables the negligence
of overarching problems and therefore maximizes the effects of disturbance events when they
occur. The systems will be unable to adapt to the conditions changing around them and will not
be able to handle and then bounce back from degradation. Furthermore, because of the implicit
distinction of the natural and human domains within Command and Control style management,
social, political, and economic impacts are not taken as seriously when they come from
alterations to the structure or function of lake ecosystems.178 The Command and Control way of
managing freshwater ecosystems limits the abilities of practitioners to create models for their
intervention accurately and thereby deduce the appropriate types of actions. Ultimately, the
shackles created by Command and Control, as it were, intended to keep restoration work simple,
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make procedures much more complex to meet desired outcomes by failing to account for the ties
between natural and anthropogenic domains.
Despite the relative importance of freshwater ecosystems to the sustainability of human wellbeing, they are not always appropriately managed in contemporary times and face plenty of
challenges, namely to do with alterations made to their structures or ability to function. As
briefly introduced above, lake ecosystems restoration, in particular, is often hindered by
challenges that are particular to only those systems. It is worth mentioning, however, that lake
restoration is not necessarily secure from the other points of complexity that were described.
That is, all of the myths can apply and overlap during lake restoration work, use of “success” or
“failure” in monitoring and evaluation can misconstrue outcomes, indicators can prove
ineffective or can be manipulated, uncertainties can be neglected, system optimization for purely
human interests can detract from efforts to build resilience, and issues of framing and scale can
lead a project astray. Ultimately, lake ecosystem restoration is intricate and therefore requires
well thought out and inclusive planning, design, implementation, monitoring, and evaluation
processes.
Circumstances like the scaling up of local issues into regional or global ones can induce a
significant amount of stress upon the natural environment. So, it seems, humans have not yet
integrated the proper methodology for handling such complex issues and continue to try and
keep things efficient and straightforward. The fact that no habitats are alike coupled with the
continually developing and changing human behaviors going on in and around them makes
restoration not so straightforward. Moreover, these points inherently call for more in-depth and
inclusive approaches to managing the natural environment after disturbance events take place.
This section of the literature review has attempted to weave together the ideas that make
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ecological restoration, with a focus on lake systems, especially tricky in our contemporary times.
Using the ideas shared above, an overarching context for the restoration of Onondaga Lake
throughout the last decade can be understood. It can be used as a frame in viewing the types of
ecological and socioeconomic discrepancies that have or continue to arise in the case. Moving
forward, to round out the literature review, some ways of dealing with the issues of ecological
restoration, both practically and theoretically, will be highlighted.
3.3 Solutions to Challenges of Ecosystem Restoration
The notions that ecosystems are considerably complex and that their recovery and
recreation processes are thereby equally as elaborate has been laid out above. But, how can we
reconcile with the difficulties posed by environmental management to ensure that outcomes are
appropriate for both the short and long terms? It would likely be counterproductive to abandon
some of the methods that are currently utilized, considering that certainly not all management
practices are flawed. That being said, the scheme by which plans are developed, implemented,
and then monitored must be revamped to accommodate more voices and enable collaboration, to
recognize and evaluate social; economic; and political impacts of restoration, to account for
uncertainties, to further our relationship and our understanding of the natural environment, and to
establish more accurate means to describe its condition. Disturbance events are being
exacerbated over time with the continual usage of natural resources and overarching dilemmas
like climate change and, we as people, if we decide to maintain our current daily operations,
need to be prepared to address the consequences. This last section of the literature review aims to
discuss the utility of an adaptive management approach – powered by adaptive governance – to
restoration and to emphasize appropriate goal setting and indicator employment. By considering
these ideas, it can be understood that there exist some ways of coping with the complexities of
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restoration work. Some pieces can be pulled from this generalized analysis to help in the
evaluation of restoration in Onondaga Lake in the discussion chapter below. Reviewing some of
the ways of dealing with the issues will help to understand how conflicts or inadequacies that are
currently found within and around the lake can potentially be resolved.
3.3a Applying Adaptive Management
It has been pointed out earlier in this literature review that natural ecosystems are
constantly in motion. As a result, the methods that are applied to an ecological issue today may
not yield the same desirable outcomes down the line. Current ecological restoration practices
tend to overlook long-term impacts, especially to social, political, and economic factors, because
they’re perceived as being unrelated. Not to mention, it is more rewarding to see environmental
benefits posthaste, rather than wait for other aspects of society to agree. Disturbance events
within ecosystems tend to degrade the quality or eradicate the services which are utilized by
people all around the world. Consequently, without some sort of immediate solution, human
well-being, as we know it, would change significantly. More specifically, our accessibility to
basic resources would be obstructed. This idea provides clear reasoning as to why restoration is
made as efficient as possible. However, as Hilderbrand et al. point out, the adjustment of
physical attributes or the regulation of the composition of species found in a given ecosystem,
while potentially relieving a system stressed by overconsumption in the short term, will not
effectively sustain it into the future when usage amplifies.179 Efforts must be made to not only
adapt natural systems to the ongoing changes but also to adapt the management approaches that
intend on minimizing the effects of disturbances and improving access to ecosystem services.
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Allen et al. refer to a 1986 text by Carl J. Walters to define the term “adaptive
management.” The authors write, “Adaptive management is an approach to natural resource
management that emphasizes learning through management based on the philosophy that
knowledge is incomplete and that much of what we think we know is actually wrong.” They add
to this definition a point about the necessity of project managers and policymakers to act despite
uncertainty or any lack of proper knowledge; ecological degradation poses a profound threat to
the well-being of humans and other species alike.180 Adaptive management as an approach to
handling natural resources and facilitating the services which they provide did not appear
spontaneously. Rather, the technique, as Allen et al. describe, is essentially the offshoot of
structured decision-making approaches from other fields, including business, experimental
science, systems theory, and industrial ecology. Whereas the primary references to adaptive
management philosophy to handle resources were made in the work of authors Beverton and
Holt in 1957, Allen et al. mention, C.S. Holling is accredited as being the "father" of the
concept.181 Schreiber et al. refer to C.S. Holling's cardinal 1978 text, Adaptive Environmental
Assessment and Management, when they say that the emergence of the concept of adaptive
management was a response to the “magnificent realization” that natural resources were limited
and required prudent handling going forward. Moreover, the authors explain how the integration
of environmental, social, and economic affairs were deemed integral to the development and
enactment of environmental policies.182 The theory of resilience also played a notable role in the
refinement of the adaptive management approach to dealing with ecosystem issues. Allen et al.
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describe how resilience, "predicated on the existence of more than one alternative stable state for
ecosystems," underscored the significance of management practitioners not exceeding a
"threshold that might change the state of the system," and maintaining ecosystems that are in "a
favorable state."183
The steps of adaptive management simply expand upon those found in regular resource
management or restoration approaches. Holling’s original ideas about adaptive management
pertained to “bridging the gap between science and practice.” That is, science can be used to
inform or counter society’s understanding of an ecological issue, and society can provide
scientists with their understanding of what aspects of management are the most important and
which alternatives are preferred in a given situation. Carl Walters, following in his footsteps,
further developed this idea. Specifically, Walters regarded management activities as designed
experiments; they could be used to help identify and reduce uncertainties. Put plainly, the
technique is administered in a “series of well-defined stages” that loop continuously, or at least
until some stable state has been actualized (see Appendix B). Objectives and models are derived
from existing knowledge, which are then used to identify and develop a selection of possible
management options. Once implemented, outcomes and effects are extensively monitored,
studied, and evaluated to pinpoint and plan for the next course of action.184 Allen et al. and
Schreiber et al. affirm that the cycle may need to be run through more than once to bring about
the desired conditions of a restored ecosystem fully.185 Pahl-Wostl et al. share essentially the
same systematic process, adding the disclosure that projects can share fundamental knowledge
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and practices can be transferred over and applied when appropriate, but, as new information
becomes available, restoration strategies should be adapted accordingly.186 The iterative nature
of adaptive management helps to ensure that the most up to date knowledge is being recognized
to best comply with established criteria to achieve targets and goals. Moreover, despite having an
explicit structure, the approach can be modified to accommodate goals that work to achieve
particular structures or functions within natural systems.
The concept alluded to here, in adaptive management, is commonly referred to as
“learning-by-doing.” The idea behind it is that, as new knowledge is accumulating throughout
the design and implementation phases of a restoration project, adjustments can be made so that
all relevant details are being acknowledged. Whereas this notion within adaptive management
does not replace scientific research, especially when it comes to large-scale ecological questions,
as Schreiber et al. point out, it can help to address specific management questions. In other
words, learning-by-doing will not lead to an increased ecological understanding, especially such
that the whole science community is changed. Still, it will help to discern key details about the
ecosystem at hand and how it can or should be repaired or recreated.187 It is by way of
monitoring that new information is best gleaned. Moreover, Schreiber et al. write about how the
purpose of monitoring is not just to check compliance with certain regulations or to make sure
that plans have been performed. Monitoring can also help to assess the impacts of management
actions and to determine the extent to which they are fulfilling their intended purposes.
Ultimately, monitoring can help to answer the basic question: How have things changed as a
result of the methods that were imposed? Once this has been answered, crucial changes can be
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made as needed to ensure that things have changed as they should be.188 Incorporating a
learning-by-doing process can help to account for uncertainties, rather than ignore them. It can
help to formulate resilience and flexibility to cope with a future that will inevitably change and
be full of surprises.
3.3b Integrating Adaptive Governance
To ensure the effectiveness of an adaptive management approach to ecological
restoration, a complementary form of governance known as “adaptive governance” ought to be
institutionalized. Maintaining accountability is something that contemporary restoration projects
struggle with, especially when it comes to meeting targets and goals correctly and with proper
consideration of externalities and uncertainties. As such, adaptive governance should stem from
the approach. Allen et al. describe the notion of adaptive governance, which is a collaborative
form of leadership that involves numerous institutions, groups, and individuals, each of varying
scales, for environmental management. Management power and responsibilities are shared
inasmuch as it is necessary to bolster resilience and protect systems from any disturbance events
that may occur. The authors contend that the success of adaptive governance is dependent upon
social networks, which strengthen communication and innovation of ideas to improve
management approaches. The concept of adaptive governance essentially synthesizes the
importance of stakeholder involvement and the rigorous degree to which natural resource and
ecosystem management projects should be facilitated.189
Regardless of uncertainties or unpredictability in ecological systems, in the face of
disturbance events, management decisions must continue to be made. Making decisions that are
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favorable to humans but also respectable of a system’s dynamics and abilities can most
effectively happen when bolstered by a great deal of stakeholder participation. Moreover,
Schreiber et al. write that collaboration ought to exist among modelers, research scientists,
resource managers, policymakers, and the general public, especially in the initial design and
planning stages.190 Considering the wider implications of ecosystem restoration and the ripple
effect that it will ultimately have, it feels critical that, in many situations, more than just experts
in the field and authority figures should be involved. Community members who represent local
businesses, organizations, academic institutions, and other groups should also provide comments
so that their perspective regarding how their natural surroundings are changing does not go
unheard. This point rests upon the expectation that everyone has some level of opinions,
especially when it comes to the environment. Pahl-Wostl et al. emphasize this idea in their text,
asserting that adaptive management and thereby adaptive governance is not exclusive nor a “topdown” approach in which those with power – direct investment in a project or exceptional wealth
– have a greater say in what’s going on. On the contrary, the authors argue that adaptive
management is meant to be inclusive such that goals, methodologies, and uncertainties are
identified in collaboration with all of those with a vested interest.191 Having people from
different disciplinary backgrounds and of various skillsets at all stages of the restoration process
ensures that decisions are made with “realistic bounding of management problems, constraints of
possible actions, and identification of realistic outcomes.”192
Ultimately, public engagement and outreach are steps that ought not to be overlooked if
changes to environmental management are to be perceived as positive, worthwhile endeavors,
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and for there to be successful transitions to new orders of restoration completion. Acceptably
transitioning to an adaptive management approach is contingent upon “social learning,” as PahlWostl et al. put it, as well as some degree of institutional – governmental – rearrangements. This
is to say that not only must ideas more regularly be shared among peers and across scales, but
formal and informal regulations or norms need to be shifted as well. These ideas from PahlWostl et al. go hand-in-hand. Furthermore, they expand upon the type of collaborative thinking
which adaptive management is striving to achieve within itself.193 Adaptive management as an
approach to dealing with environmental affairs does not automatically heed the tolerance and
widespread use of adaptive management. However, collaboration among actors and
organizations, a piece in the process of adaptive management, can help to foster the social,
economic, and political conditions that integrate adaptive management regimes for tackling
ecological issues.
Adaptive management is certainly not a panacea to all environmental-related challenges
that exist in the world. Still, it can help humans reconcile with the changes that are ongoing
around them. Allen et al. briefly describe how the management approach can help to mitigate
particular issues like species decline and habitat loss or degradation, as well as other
transboundary issues, meaning those which pertain to or affect more than one geographical or
sociopolitical space.194 This distinction sheds light on another fundamental characteristic that is
sometimes overlooked or is deemed obstinate when contemplating the natural environment. That
is, it touches upon ecological issues that span over more than one area – beyond the putative
borderlines which we as humans have devised to identify or differentiate ourselves. To deal in
more absolute terms with an ecological dilemma, recognition of and participation in the
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necessary collaborations associated with management will need to be settled. In other words, to
accomplish goals that are to do with restoring or recreating an ecosystem, plans must be arranged
such that no entity outside that which is performing management will continue to disrupt or
utilize the space in any antagonistic ways. Though sometimes easier said than done, fostering
collaborations or agreements that go beyond a single demarcated space can be a matter of life
and death for a project that deals with an environmental issue that goes further than just the local
jurisdiction. All in all, adaptive management provides a reasonable approach to mitigating the
impacts of anthropogenic behavior and coping with environmental harm, even in situations
where damages are extensive or when there is high uncertainty and a lack of controllability.
Schreiber et al. also contend, despite any stumbling blocks that adaptive management may face,
it remains an acceptable way to achieve restoration or recreation of damaged ecosystems. The
authors describe how the best outcomes from an adaptive management approach include:
extensive collaboration among different groups and stakeholders, sufficient modeling of the
system and alternative scenarios, making decisions between a range of possible management
options, and assessment of management concerning initial goals for restoration.195 Essentially,
adaptive management helps to cope with the complexities of ecosystem restoration by providing
a flexible structure that contemplates ecological issues with consideration of social, political, and
economic circumstances both in the short and long terms.
3.3c Selecting Metrics of Progress and Compliance
As mentioned in the previous sections, monitoring is fundamental to ecosystem
restoration to evaluate the progress that is made toward achieving an ideal or desired state. The
adaptive management approach underscores the importance of monitoring so that new
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management policies can be conceived, or old ones can be adapted as needed. Targets and goals,
via an adaptive management framework, can be determined by the collaboration of stakeholders
such that they accurately depict the opinions of those with a vested interest in the ecosystem at
hand and the relevant expert opinions. The complexity of choosing the right targets and goals, as
well as indicators to gauge compliance with such objectives, can be dealt with through adaptive
management.196 Moreover, intermediate targets can be selected, as indicated above, to attain
more accurate data of the conditions of the system. Having indicators presented in a qualitative,
quantitative, or semiquantitative format can help to make results easier to read and thereby useful
for making comparisons. Targets and goals, as well as indicators, encompass the purpose of a
restoration project and determine the extent to which it was ultimately fruitful in its efforts.
An ecological restoration project must be supported by clearly stated and well-justified
targets and goals. Typically, this should be the first step in any ecological restoration process
after an issue is identified. Described at the beginning of this literature review, goals are often
drawn out with the consideration of one or several reference sites, to have a tangible finish point.
It is also critical to consider establishing targets that are not fixed at the end of the project; they
have several advantages. For one, they can provide some encouragement to those who are
anxious about seeing some successful remediation. When targets are actively being met,
individuals can understand that the process is ongoing, but is still meeting its intended purposes.
Secondly, intermediate targets help to avoid measuring success by solely static terms. That is,
they can allow nonequilibrium dynamics within ecological systems. However, full rehabilitation
has not yet been observed, restoration efforts are still adequate because they are experiencing
some of the qualities within the reference sites.197 When a system is healing or being treated, so
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to speak, it can be ensured, via incremental monitoring, that secondary issues are not
compromising the fulfillment of the project in any way.
Indicators are based upon the premise that one cannot measure every detail in every
location and, therefore, must select representative measures in a coherent monitoring plan for
restoration. Disparities in the way that the term "indicator" is used throughout the literature,
specifically in the context of environmental management, as expressed in the paper by Heink and
Kowarik, can cause confusion or lead to the misrepresentation of the purpose of trying to handle
the natural environment at all. Before any indicators are selected for the goals of the project, the
term itself, along with why it's being applied, should be elaborated upon. These same authors,
after sifting through an abundance of papers that included definitions, many of which are from
the 1990s and 2000s, found that the term could be described in the following way: "An indicator
in ecology and environmental planning is a component or a measure of environmentally relevant
phenomena used to depict or evaluate environmental conditions or changes or to set
environmental goals."198 In other words, indicators help support the objectives for a project in
that they help to understand the extent to which targets and goals are being achieved or not. Dale
and Beyeler specify that ecological indicators are usually representative of structural or
functional elements of a system to convey its conditions. Still, Pahl-Wostl et al. would likely
argue that incorporating some which assess social, political, and economic impacts would be
useful as well, despite often being neglected in planning.199 Ultimately, as shared by Heink and
Kowarik, ecological indicators are meant to be used at the interface of science and policy. Not
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only is the information which comes from monitoring indicators useful in the analytical context,
but it is also helpful for providing a basis for decision-making.200
It is clear that indicators are useful when drawn out in early phases of restoration, but
what makes for a good measure and how should it be expressed? Indicators should be simple and
well-selected, as opposed to complicated and extensive, according to Prach et al. Moreover, they
should have a "testable and demonstrated mechanistic relationship to the larger ecosystem
structure or process they claim to measure." That is, indicators should be interpretable by
managers, policymakers, and as many stakeholders as possible.201 Dale and Beyeler add that they
should be anticipatory, predict changes that can be averted by management actions, and have low
variability.202 Indicators can be expressed in several different ways based on how they intend to
go about measuring responses to restoration efforts. For one, they can be qualitative. In this case,
they will be heavily reliant upon the provision of the opinions and experiences of stakeholders.
Another way to do it is quantitatively. The resemblance between the system being restored and
its reference site is examined and expressed as a "response ratio." A value determined for the site
being restored, x, and one for the reference site, y, are placed into the following equation: R =
ln(x/y). One may also choose to express the scores of the site being restored in terms of the
reference site, as a percentage, where 100 percent would indicate a "perfect" restoration; the
restored site would mirror the reference site in its entirety. Finally, indicators can be described as
semi-quantitative. In this case, ordinal scales can be assigned to potential values of restoration.
More specifically, achievable numeric values will be correlated to specific, descriptive
categories. Ultimately, the approach that one takes when expressing indicators will be largely
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dependent upon the purpose and the objectives of the project.203 Regardless of the purpose or
how information is shared, indicators must be monitored regularly to ensure that a project is
continually working towards its targets and goals.
Complexities abound when it comes to ecological restoration. Still, techniques like
adaptive management make it possible to diminish their effects by enforcing protocols for
stakeholder involvement in target, goal, and indicator creation, as well as active monitoring and
learning by doing. Challenges posed by lake ecosystems, in particular, can likely be handled by
adaptive strategies because they address uncertainties and help overcome restoration
mythologies. This section of the literature review has attempted to explain the pertinence of
adaptive management as an approach to dealing with the intricacies of restoration ecology as
they exist. Moreover, there has been a focus upon the benefits of stakeholder engagement, as
well as valid target, goal, and indicator establishment to help address the lack of thought
surrounding social, political, and economic impacts from ecological restoration and how projects
should be managed in the long term. Thinking about the case of Onondaga Lake, where
restoration has already occurred to some degree, this section will help when thinking about how
the system should be managed going forward. The ideas here will feed the discussion of
stakeholders’ current perceptions of the restoration process as it is and as it has happened and to
whether or not adjustments may need to be made.
The literature presented in this review communicates the fundamental significance of
restoration ecology in our contemporary world, the issues that complicate its procedures, and a
potentially reasonable way to move forward, given continually changing natural and human
domains. The chapter first looked at how ecosystem services, or a lack thereof, are the primary
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motivation for completing ecological restoration such that a system subject to a disturbance
event is renewed by recovery or recreation. Then it was looked at how mythologies disorient
project targets and goals or lead them toward implementing insufficient methods to achieving the
desired state. At this point, it was also examined how “success” and “failure” prove to be
unhelpful terms to use when evaluating the progress made by a restoration project. Finally, the
chapter described how adaptive management, by way of extensive stakeholder engagement at all
phases of restoration, as well as learning-by-doing and using appropriate indicators in
monitoring, can help to alleviate some level of complexity. In essence, whereas ecosystems
possess resilience mechanisms to maintain the state that humans find most profitable, excessive
disturbances caused by both natural and anthropogenic phenomena can test their abilities and
often leave them damaged. The ways that humans intervene in these situations to rejuvenate
degraded ecosystems to a favorable state is often convoluted and fails to provide a suitable,
sustainable means forward. This chapter has laid the groundwork for a discussion about how
stakeholders from various groups perceive the monumental restoration of Onondaga Lake today
and how it should be handled in the future. Moreover, this literature review has shed some light
on why specific issues may persist in this case.
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4. Methodology
Onondaga Lake’s restoration process was a monumental feat that many believed would
never happen. The lake has come a long way. Whereas the significant environmental
management work has been reported as being complete and in compliance with all pertinent
goals, it remains questionable to assume that the system as a whole is fully restored. Moreover,
lingering challenges deviating from constantly changing ecosystem dynamics and human actions
in general convolute definitions of recovery and misconstrue our way of evaluating it. The
following chapter aims to contextualize the relevant research question for this senior project by
summarizing Honeywell’s main restoration efforts in Onondaga Lake over the last 20 years.
Afterward, the justification for, as well as the process behind interviews as a preferred
methodological approach to data collection for this project, is described. Herein the recruitment
and discussion procedures and technicalities are iterated. Lastly, it will be conveyed how
qualitative and semi-quantitative pieces of data were prepared for appropriate analyses.
4.1 Context for Research Approach
The history of Onondaga Lake as an aquatic landmark in Central New York is long and
troubled, as described in a previous chapter. Decades of intense urbanization and
industrialization left the waterbody with an unconscionable mess that invoked within locals and
people around the region feelings of disenchantment and revulsion. Despite growing interests in
environmental conservation during the latter half of the twentieth century in the United States,
the process of cleaning up Onondaga Lake and redeeming any of its long-lost ecological services
seemed farfetched. Thinking back on the historical degradation of the lake, not only was the
structural integrity of Onondaga Lake almost entirely compromised by new structural
developments, roadways, and waste sites, but its functionality was amiss. Natural fisheries were
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nearly erased, vegetation would not grow in or around the lake, and natural processes of
chemical cycling were generally askew. Onondaga Lake was failing to provide any value to the
people who dwelled nearby and, consequently, was overlooked or characterized as obsolete.
Whereas in 1989 decisive action by the State of New York was taken by filing a lawsuit against
Allied Signal Inc. for being one of the main perpetrators in the devastation of Onondaga Lake
and its surrounding habitats, it wasn’t until after the turn of the century that real progress would
be made to revitalize and thus rebrand the lake.
The goals of the “Onondaga Lake Cleanup Plan,” as it came to be known, were devised
by the DEC and the EPA in 2005. Moreover, the goals were essentially the conclusions of
preceding studies about potential rehabilitation in and around the lake, namely the Baseline
Ecological Risk Assessment, the Human Health Risk Assessment, the Remedial Investigation,
and the Feasibility Study, each of which were conducted internally by Honeywell International
Inc. between 2002 and 2004. As they are posted publicly to the official website designated to
Onondaga Lake’s clean-up, the goals are synthesized into the following four categories:
“Preventing the migration of contaminants into the lake from old industrial sites,” “Removing
material from the bottom of the lake, permanently containing it an at an approved site, and
capping designated portions of the lake bottom,” “Creating sustainable habitat along the lake’s
shoreline and tributaries to encourage wildlife growth and expand opportunities for local
recreation,” and “Implementing a long-term operation, maintenance, and monitoring program to
ensure the effectiveness of the remedy.”204 Shortly after the development of initial goals for
ecological restoration, which were determined mainly by State and Federal agencies, steps would
be taken a couple of years later to mandate a response.
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At the beginning of January 2007, Honeywell signed an agreement under the jurisdiction
of Federal Courts, referred to hereafter as the “Consent Decree,” which bound the corporation to
implement and fulfill the aforementioned plans and goals set forth by the DEC and EPA.205
Whereas Honeywell was not directly involved in the degradation of Onondaga Lake, they
assumed responsibility for the issue upon buying out and taking over the Allied Signal Inc.,
operations in and around the city of Syracuse. The original Onondaga Lake Cleanup Plan, begun
in 2005, was expanded upon the initiation of Honeywell’s leadership. Again referring to the
project’s online information, decisions were made with regards to more in-depth plans by way of
collaboration among “more than 100 local engineers and scientists working with nationally
recognized experts from various universities research institutions, and specialty engineering
firms, and with input from community stakeholders.”206 Among the parties involved were
Syracuse University, State University of New York College of Environmental Science and
Forestry, Onondaga Community College, Upstate Freshwater Institute, Onondaga Conservation
Corps., the Onondaga Environmental Institute, Parsons Corps., the Atlantic States Legal
Foundation, the Onondaga Nation, the DEC, and the EPA, as well as others.207 The project
would aim to protect human health and the environment, meet ecosystem performance and
quality guidelines from the DEC and EPA, improve the habitat for fish and wildlife, improve
opportunities for recreation and expand the public’s accessibility to the lake, and establish the
conditions that will allow the body of water to recover naturally as best it can, as a way of
elaborating upon the original restoration outline.208 Explicit expectations and estimates to
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adequately meet Honeywell’s goals included: dredging of more than 2.65 million cubic yards
(~2.02 million cubic meters) of contaminated sediments and waste materials from the lake’s
littoral zone, isolating dredged portions of the littoral zone using a gravel “cap” of varying
thicknesses, dispersing a nitrate substance into deeper layers of the water body in lieu of
oxygenation to reduce the formation of life-threatening methylmercury, and installing a steel
barrier wall prevent the spread of pollution from old sites.209 Honeywell would begin the vast
endeavor of remediating Onondaga Lake soon after being obliged to do so that same year.
Honeywell’s swift mobilization to restore Onondaga Lake was no doubt commendable.
For a body of water that was once widely recognized as being “the most polluted lake in
America,” the corporation’s sustainable restoration plans, complemented by efforts from DEC,
EPA, non-governmental organizations, engineering firms, universities, and individual actors,
Onondaga Lake made tremendous strides of improvement in the subsequent years. According to
the information provided within the “First Five-Year Review Report” prepared by the EPA in
September 2015, implemented remedies were functioning as intended by the decision documents
on all accounts, with most projects underway and near completion; dredging is claimed to have
been completed as of November 2014, a year ahead of schedule. The text reports no issues or
recommendations for management regime changes, implicating that all actions that were taken
by Honeywell were working as planned.210 Almost instantly, it seems that Honeywell was able to
achieve a great deal of ecological restoration work within and around Onondaga Lake. The
system reached new potential and showed signs of decent physical and biological structures and
functions.
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Although it remains early in the year 2020, even without site evaluations shared directly
by the EPA regarding the latest five years of restoration work, Honeywell has touted a
substantial amount of completion concerning the goals of the Onondaga Lake Cleanup Plan. In
addition to the early triumph to do with sediment dredging, Honeywell announced the
completion of necessary capping as of 2016 and major habitat reconstruction as of 2017. Aspects
of dredging and capping were to be completed between the years of 2012 and 2016, and
additional habitat enhancements were presumed to be incorporated in the following one to two
years; these dates are extracted from a schedule map published on the restoration project’s
website.211 More than 3 million cubic yards (~2.3 million cubic meters) of “natural materials”
were placed over approximately 475 acres of the lake bottom, according to the restoration
project’s designated website, about 2.2 million cubic yards (~1.7 million cubic meters) of
contaminated sediments were removed from the water body, a 1.5-miles long (~2.4 kilometer)
barrier was installed, roughly 90 acres of wetlands were established, and more than 1 million
individual plants specimens were transplanted or grown in and around the system.212 Whereas
Honeywell’s actions were researched thoroughly prior to implementation and stakeholder input
and participation was noticeably utilized, the work that they and their partners completed was
undoubtedly unprecedented. So, on account of what they achieved, is Honeywell liberated from
their duties of restoring Onondaga Lake, and can they leave this whole campaign behind them?
In short, the answer is “no.”
Honeywell’s commitment to the clean-up of Onondaga Lake is not yet over. As of now,
the corporation continues to fund and assist the implementation of a series of projects intended to
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restore and protect wildlife habitat, water quality, and recreational services in and around the
system as per the orders of the United States Fish and Wildlife Service (FWS) and DEC, the
trustees of the system, through the government program known as Natural Resource Damage
Assessment and Restoration (NRDAR). The NRDAR ensures that services lost by contamination
or injury of resources are either paid back in the form of a proportionate sum of money or are
returned in the form of revitalized social and economic opportunities for the lake that are
equivalent to that same dollar amount.213 In addition to this, Honeywell oversees, to some extent,
a continuation of monitoring efforts to gauge the response of the lake to the management work
performed.214 Work presses on in Central New York for Honeywell, though perhaps not
surrounded by the same pressures that were once so intense.
As implicated before, completion of and compliance with restoration goals set forth early
on in the project’s planning suggest a reduction in most of the issues facing Onondaga Lake
currently. However, invasive plant species, which were discovered and are now being dealt with
by Honeywell and partner organizations in and around the system, test the notion of recovery.215
Moreover, issues that prevail or are sparked by non-static environmental conditions like mercury
in fish tissue, and anthropogenic behavior like continuous nutrient loading, beg the question: Is
Onondaga Lake fully restored or is it merely Honeywell's obligations to sections of the system
that have been managed? Onondaga Lake has come a long way from the state it was once in and,
consequently, it ought to be questioned in what condition it's currently in after Honeywell’s
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response and if we can truly accept the lake as being restored or recovered. There is no
conceivable way that Honeywell alone could have devised a restoration plan that would mend all
of Onondaga Lake’s issues; this is not where contentions lie. We must reevaluate our ability to
accept the lake as clean and rescind our duties to intervene with the system as stewards of its
sustainability. Different ideas about the current state of Onondaga Lake’s conditions, as well as
difficulties in contemporary ecological management and arbitrarily evaluating the success of
such projects, ultimately inform the heart of my investigation. My research aims to gauge the
extent to which recovery has been achieved in the case of Onondaga via the progress of
Honeywell toward its initial criteria, through the eyes of various stakeholders. Wherein
stakeholders identify incomplete or insufficiently handled criteria, a discrepancy may arise such
that the lake cannot be considered restored in the sense of its original plans. Moreover, it will be
discerned which of these criteria ought to have priority to achieve the desired state that
Honeywell was working to create within Onondaga Lake.
4.2 Interviews for Data Collection
Considering the research question established above, it was determined that in-person or
over-the-phone interviews were the most appropriate forms of data collection. Because the goal
was to understand stakeholders’ opinions about the fulfillment of the Onondaga Lake Cleanup
Plan set forth by the EPA and DEC and managed by Honeywell Inc., other methods were
deemed to be too restrictive or ambiguous. Whereas the number of participants could have been
improved by the use of other forms of data collection, such as a survey, a degree of quality may
have been lost. Interviews allowed clarification of complex ideas or opinions that were shared, as
well as provide context to the varying interpretations of stakeholders. Because the sole use of
qualitative measures of fulfillment enlarged the likelihood of unintended bias or sheer
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misunderstanding, some questions were set up to provoke semi-quantitative responses as well. In
doing so, responses could be collected in a way that made them comparable both within and
among stakeholder groups, as well as among the criteria themselves (see Appendix C).
Ultimately, interviews were utilized to elicit the honest opinions of stakeholders within the case
of Onondaga Lake’s restoration and to attain relevant contextual details. Interview participants
would serve as the independent variables within the study, opinions and minute details or
evidence were dependent variables and the questions that were asked served as a control.
As a way of minimizing the complexity already inherent in the analysis of opinions
regarding ecological restoration, I decided to partially aggregate stakeholders in groups
according to not only their professional affiliations but personal affiliations as well. This step
would ensure the confidentiality of all research participants when sharing their ideas and
opinions about Onondaga Lake. At the same time, it would be clear which views were associated
with which set of responses and make it possible to differentiate them. In total, 23 individual
stakeholders were sent recruitment information to conduct an in-person or over-the-phone
interview at some point during December of 2019, or January and February of 2020. One
interview took place during April of 2020 due to scheduling conflicts in the months prior.
Approximately 8 of these contacts were reached out to via publicly listed emails and phone
numbers, while the remaining 15 candidates had their information received via a snowball
method. The response rate or the percentage of possible interviewees with whom there was
successful contact and full participation was 52.17 percent. That is, 12 of the 23 total candidates
for the interview stage of this project responded and shared their ideas and opinions. Recruitment
bias or that which would arise during the selection of interviewees was avoided by giving
candidates the option to reject the offer of participation in the study. Of the 23 candidates, six
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were not responsive, and one selected not to participate. Regarding the stakeholder grouping, it
was determined to be the most fitting to have a total of four categories, including: “Honeywell
International Inc. and Associates,” “Non-Governmental Organizations,” “Academic
Institutions,” and “Governmental Agencies.” Respectively, these stakeholder groups were
classified using the letters “A,” “B,” “C,” and “D.” These categories were chosen because they
were considered representative of the parties with a vested interest or hand in the restoration
process for Onondaga Lake as determined by historical and ongoing efforts. Once distinguished
within their appropriate groups, stakeholders were assigned a random number to differentiate
responses during transcription and analysis. In the end, there were two responders designated
under group “A,” four under group “B,” three under group “C,” and three under group “D.”
Typically, interviews were conducted one week following the time of initial contact.
Participants had the option to request the provision of interview questions before talking
formally. In-person interviews, of which only three of the total discussions were, took place in
either neutral, public spaces, or the respective offices of the participants. Settings were
determined according to the personal preferences of the interviewee, given the time designated
for our discussion. Over-the-phone interviews were held within empty classrooms on Bard
College’s campus, or within a concealed space at my private residence. All interviews underwent
a consent procedure as mandated by the Institutional Review Board of Bard College prior to
commencement. Granted participants’ acceptance of the terms shared during this procedure,
interviews were audio-recorded using a personal computer so that details could be transcribed
and then analyzed at a later date.
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4.3 Process for Data Analysis
As mentioned above, data collected during interviews were primarily qualitative –
descriptions based on observations or experiences – and semi-quantitative – approximations of
levels of fulfillment of criteria in the restoration process according to a ranking system. Whereas
qualitative information could be used directly as support for claims or interpretations that were
made, semi-quantitative data had to be interpreted. To analyze the data provided by each
interview, two main analyses were performed: one about levels of achievement and the other
dealing with prioritization of criteria to create the desirable conditions – the stable state
– specified in the initial planning for ecological restoration of the Onondaga Lake system.
Discrete content analysis of qualitative information was beyond the scope of this project.
Therefore, analyses were fixed upon understanding the semi-quantitative results with regard to
the main research questions, using the qualitative responses as context or as evidence for
interpretation.
4.3a Setting up Strand 1
The main criteria established in the Onondaga Lake Restoration Plan and the Consent
Decree were used as the basis for judgments about the fulfillment of different aspects of the
Onondaga Lake restoration process. Moreover, individual stakeholders gave rankings with
complementary examples that correlated with numeric values to suggest their thoughts. I created
a Likert scale based on these responses. Specifically, if a criterion was believed to be “not at all”
achieved in the opinion of the participant based on what they knew about the status of
Honeywell’s restoration work, their answer was given a value of “1.” If a criterion was deemed
“somewhat” achieved in the opinion of the participant, their answer was given a value of “2.” If
a criterion was regarded as “mostly” achieved in the opinion of the participant, their answer was
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given a value of “3.” If a criterion was thought of as “completely” achieved in the opinion of the
participant, their answer was given a value of “4.” For those criteria which individuals felt
uncomfortable or incapable of speaking to, their response was recorded as a value of “0.”
When interviewees failed to respond with one of the terms employed here as rankings, it
was necessary to read into the examples that were provided; this is where qualitative data came
especially in handy. Because answers did not always implicate a clear judgment in regards to the
level of fulfillment of criteria, it was necessary to establish provisional conditions by which
information could be ascribed an appropriate ranking. For example, in the case that participants
mentioned ongoing pursuits or active pieces of restoration, answers were assigned a “mostly”
because it seemed, in the respondent’s mind, aspects of that criteria were still in consideration.
Additionally, in the case that participants found Honeywell’s efforts to be admirable, but
Onondaga Lake as a whole to be continuously controversial, answers were assigned a
“completely” because the details they provided concerning the ecological clean-up process in
question alluded to sufficiency and fulfillment. Lastly, if a criterion was described as being either
ecologically infeasible or unlikely ever to be achieved, answers were assigned a “not at all”
because no actions would conceivably contribute to the achievement of the criteria. In essence,
this information would help to understand the extent to which stakeholder groups varied in terms
of their perception of the criteria and to what degree they were fulfilled in Honeywell’s
ecological restoration of Onondaga Lake. Whereas this analysis would not necessarily determine
the structural or functional conditions of the lake as a whole, it would suggest how different
actors acknowledge the restoration work that was done in parts of the system and to what length
its specific targets and goals were handled adequately. Refer to Table 1 below for a visual
representation of the experimental design for this strand of analysis.
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Table 1. Experimental Design: Analysis of Restoration Criteria Levels of Achievement. Each
criterion was mentioned to interview participants belonging to the stakeholder groups, to which
they gave a ranking based on their personal or professional experiences, observations, and
opinions.
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4.3b Setting up Strand 2
Another strand of semi-quantitative data analysis based on interview answers was to do
with the prioritization of the same criteria implicated above according to the opinions of
individual stakeholders. In other words, participants were asked to list the criteria in order of
importance based on Onondaga Lake to meet standards and improve the conditions of the system
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to the extent specified by the DEC and EPA. I created a Likert scale based on responses. Criteria
were ranked from “1” to “9,” where “1” was the most worthy of prioritization or those that
should have been handled the earliest in restoration, and “9” was the least deserving or those that
should have been dealt with later in restoration. Generally, answers mentioned at least two or
three criteria that were previously examined, alluding to which ones were to be put highest on
the list. Because not every interviewee was able to recall the criteria at this point in the
discussion, especially in the case of phone interviews, nor were some fond of the idea of ranking
them all, I decided to consider only those described at the top of the list – those with the most
priority. In my thinking, the criterion prioritized as '1' would presumably remain the same even if
fewer criteria were in question. This information would ultimately be helpful to understand how
stakeholders vary in terms of which aspects of the restoration of Onondaga Lake were the most
important to achieve first or worthy of being prioritized during the lake clean-up process. The
conditions of Onondaga Lake as a whole were not under scrutiny in this analysis, nor was the
process by which Honeywell completed restoration. Instead, the ways of prioritizing criteria
were acknowledged among the stakeholders to bolster the claims made individually about levels
of achievement. Refer to Table 2 below for a visual representation of the experimental design for
this strand of analysis.
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Table 2. Experimental Design: Analysis of Restoration Criteria Prioritization. Study participants
reviewed criteria and ordered them, based on their personal or professional experiences,
observations, and opinions, in order of priority to achieve the desired outcome for Honeywell’s
restoration in Onondaga Lake as specified in clean-up plans.

Following the transcription of each interview that was conducted, semi-quantitative data
was pulled to be placed into a spreadsheet (see Appendix D and Appendix E). Information within
the spreadsheet was then graphed for the ranking of achievement for each criterion at hand in the
first strand of analysis, and for the number of times each criterion was given priority in the
second strand. Bar charts were determined to be the most visually appealing, as well as the most
straightforward for interpretation of results. The use of graphs for analysis would ultimately help
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to see conflicts of opinion about achievement among the stakeholder groups when thinking about
the first strand, and discrepancies to do with priorities in the second. Regarding the latter, a
complementary table was included using the data compiled in the spreadsheet to convey the
differences in preferences within and across stakeholder groups as well. The analysis would
attempt to show the variability of opinions that exist in the case of restoration of Onondaga Lake
as planned by the DEC and EPA and as managed by Honeywell International Inc. Moreover,
graphs would help convey the overarching complexities of restoration ecology as it is handled
today.
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5. Results
Semi-quantitative data that was collected from individual stakeholders in the case of the
restoration of Onondaga Lake were placed into two types of graphs, as mentioned in the previous
chapter. Additionally, a table was provided to elaborate upon the finer details of one of the
figures. This brief chapter discloses the results determined from the collection of data during this
senior project. Moreover, the graphs and table which carry the analyses and discussions which
are found in the next chapter are provided.
5.1 Reporting Strand 1
The first type of graph (labeled as “Type A” below) is a bar chart that correlates to the
first strand of analysis about the level of achievement of the criteria initially established in the
Onondaga Lake Cleanup Plan and Consent Decree by DEC and EPA and managed by
Honeywell. There are nine of these graphs in total and each report on one criterion that was
discussed. For this type, the level of achievement, as determined by the evaluation of what has or
has not been done to fulfill Honeywell’s desired outcomes, was placed on the y-axis. On the xaxis were the individual interview participants separated and colored according to their
respective stakeholder groups. Specifically, Honeywell and their associates were signified using
a red color, non-governmental organizations were presented using purple, academic institutions
were graphed using teal, and governmental agencies were conveyed using yellow. To enforce
analysis of to what extent different criteria in the specific restoration process were adequately
achieved, a bar indicating an average was displayed using grey as well; this value was shown in
the legend. The use of this graph would help to identify any conflicting opinions about the
criteria among and within stakeholder groups (see Figures 1-9).
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Figure 1. Type A: Graph of Criterion A: Level of Achievement

Figure 2. Type A: Graph of Criterion B: Level of Achievement

Figure 3. Type A: Graph of Criterion C: Level of Achievement
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Figure 4. Type A: Graph of Criterion D: Level of Achievement

Figure 5. Type A: Graph of Criterion E: Level of Achievement

Figure 6. Type A: Graph of Criterion F: Level of Achievement
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Figure 7. Type A: Graph of Criterion G: Level of Achievement

Figure 8. Type A: Graph of Criterion H: Level of Achievement

Figure 9. Type A: Graph of Criterion I: Level of Achievement
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5.2 Reporting Strand 2
The second type of graph (labeled as “Type B” below) is a bar chart that correlates to the
second strand of analysis about the criteria which interviewees deemed the priority in terms of
reaching the outcome desired by the lake restoration process. There is only one of these graphs,
and it conveys the number of stakeholders by their criteria prioritization. For this time, the
number of times that a criterion was mentioned as being the highest priority, based on their
personal and professional opinions about the Onondaga Lake Cleanup Plan and Consent
Decree’s targets and goals, was placed on the y-axis. On the x-axis were the labeled criteria that
interviewees were referred to. There was also a bar created for the number of times that no
response was given or no priority among the criteria was implicated. No distinctive colors were
assigned to the criteria, and each bar is, therefore, grey; there are no inherent differences between
them. Whereas some were devised during the initial Onondaga Lake Cleanup Plan and some
were issued within the Consent Decree, they all ultimately had to be completed during
restoration by Honeywell. The use of this graph would help to identify any discrepancies with
respect to the prioritization of criteria to achieve the desired outcome specified by Honeywell’s
targets and goals across all stakeholders.
To accompany the second type of graph, a table was included that elaborated upon the
opinions of individual stakeholders. The table demonstrated the views of stakeholders within and
across their respective stakeholder groups. In one column were the different stakeholders,
colored according to their grouping, and in the other column was their choice of criteria with the
highest priority to achieve the desired outcome of restoration work. Similar to in Type A graphs,
for consistency, rows on Honeywell and associates were assigned a red color, non-governmental
organizations were signified using purple, academic institutions were conveyed with teal, and
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governmental agencies were highlighted using yellow. The use of this table would provide more
specificity to the discussion about prioritization and would help to see differences in opinions
among the various participants.
Figure 10. Type B: Graph of Number of Stakeholders by Criteria Prioritization
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Table 3. Summary of Restoration Criteria Prioritization Among and Within Stakeholder Groups
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6. Discussion
The results that were obtained in the previous chapter were broken down into two main
strands of analysis, as previously described, corresponding to graphs labeled as “Type A” and
“Type B.” Within the first strand, data that belonged to Type A graphs were broken down by the
various criteria outlined in the initial Onondaga Lake Cleanup Plan and in the Consent Decree,
which bound Honeywell to perform ecosystem management. Within the second strand, data
which belonged to the Type B graph, as well as that which was placed into the accompanying
table, was characterized by the number of stakeholders who found each criterion to be of the
highest priority in creating the desired conditions from the restoration process as a whole. The
two distinct strands of analysis shared different, albeit complementary, details regarding the
complexity of the restoration that was performed and the convoluted nature of assessing the
outcomes of such work. As alluded to before, the thoughts which individuals have about the
current status of Onondaga Lake in terms of its ability to provide ecosystem services, as well as
how it should be appropriately managed in the future, reflect how we as a society cope with and
address the changes or disturbances done unto our surrounding ecosystems. Furthermore, how
we interact with our surrounding environment perpetuates the notions manifested in the past,
even when values and interests regarding our role in nature have inherently shifted. As such, this
chapter aims to analyze the results within these two strands of analysis to make sense of what
was reported, and then discuss how the ideas relate to parts of the literature review and historical
overview written in previous chapters of this project. Ultimately, this chapter will draw robust
connections and conclusions which speak to the primary research question brought out in this
senior project: to understand what the conditions of Onondaga Lake are currently like, how they
ought to be perceived, and how they can be managed moving forward.
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Complexity is the theme that threads its way through each chapter of this project. We see
complexity within the history of Onondaga Lake, for instance. The water body was perceived in
a variety of ways and was thus used to support an array of human interests or ideals. Thinking
back on Onondaga Lake’s history, there are moments of inspiration, recreation, contamination,
and appreciation both explicitly and implicitly, within and around the lake, at almost any given
moment which obscure the picture of what conditions were actually like. Given this history, the
purpose of restoration work and the underlying intentions of it can seem somewhat cloudy, and
the metrics by which sufficient progress is being evaluated can be questioned depending on
which set of historical actors one focuses. Onondaga Lake is just one case study of restoration.
However, complications can be generalized to apply to the remediation of other natural bodies of
water. Additionally, we see complexity within the overarching theories and practices associated
with restoration ecology. Determining adequate management procedures is contingent upon a
diverse range of inputs and, thereby, the amalgamation of conflicting viewpoints. Also,
implementing management strategies, in general, is entangled by the fundamental laws of
ecology, so to speak, which must be taken into account, such as genetics, succession, and
community assembly theory, and the tempting, although faulty schemes for restoration
previously classified as myths. The contemporary arena in which restoration decisions must be
made is covered in a thick veil of constant ecological, social, political, and economic evolution,
as well as uncertainty, which fundamentally complicates all forms of human intervention in
nature focused on enhancing system services. Not only are the stakes high, but, for approaches to
restoration, the process of planning, implementation, and evaluation are staggering. The research
of this project systematically shows that the concept of remediation is not so straightforward as it
may seem to be. Moreover, the results of qualitative and semi-quantitative data gathered from
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stakeholder interviews contend the main points reflected upon briefly here and elaborated upon
earlier dealing with complexity.
6.1 Evaluating Strand 1
To illustrate the complexity of restoration work, takeaways from the graphs constructed
using interview data will be used to shed light on the multiplicity of values and interests of
stakeholders in the case of Onondaga Lake. This section of the discussion aims to identify the
main points of conflict and consistency – sameness – among and within the stakeholder groups at
hand. More specifically, this section focuses on the opinions shared by interview participants
regarding the first strand of analysis, which assessed the level of achievement that they felt to
which the various criteria for restoration were most befitting. Interpretation of opinions was
based on the details shared about particular aspects of Onondaga Lake’s current conditions and
how they have shifted since the past. The outcomes shared below to elucidate the varying
opinions about Onondaga Lake’s restoration and thereby affirm an axiomatic sense of
complexity.
Figure 1 is a Type A graph and is showing interview participants’ perceptions of the
level of achievement toward Criterion A, which was established in the initial Onondaga Lake
Cleanup Plan. Criterion A denotes the “prevention of contaminant migration from old industrial
sites into Onondaga Lake.” Looking across the stakeholder groups, we see that there were
varying attitudes and some conflicting stances. At the same time, because those responses which
were given all fall above a level of “2” – somewhat achieved – we can say that the work that was
done with regards to this criterion was largely sufficient in doing what it was meant to do.
Whereas Non-Governmental Organizations and Academic Institutions were identical in their
responses, the others, meaning Honeywell & Associates and Governmental Agencies, gave
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heterogeneous answers. That is, the latter groups provided answers that respectively did not
match each other or any of the other groups. Within the stakeholder groups, we see that there
existed a slight discrepancy. In Governmental Agencies, that is, one participant, D2, suggested
that the criterion for restoration was completely achieved, while the other two, D1 and D3,
claimed that it was mostly achieved. At the same time, however, within Honeywell &
Associates, responses were consistent – all the same, implicating that the criterion was
completely achieved. Moreover, within Non-Governmental Organizations and Academic
Institutions, responses were consistent, implicating that the criterion was mostly achieved.
Overall, with regards to Criterion A, two participants, B2 and B3, chose not to respond. In
summary, the average of the responses that were given was 3.3, insinuating that Criterion A was
somewhere between mostly and completely achieved in the restoration process performed by
Honeywell.
Figure 2 is a Type A graph and is showing interview participants’ perceptions of the
level of achievement toward Criterion B, which was established in the initial Onondaga Lake
Cleanup Plan. Criterion B denotes the “removal of materials from the bottom of Onondaga Lake,
permanent containment of those materials at an approved site, and capping of designated sections
of the water body.” Looking across the stakeholder groups, we see that there were varying
attitudes and some conflicting stances, especially comparing the red and yellow bars with the
purple and teal ones. Whereas the groups of Honeywell & Associates and Governmental
Agencies were identical in their responses, the others gave heterogeneous answers. That is, NonGovernmental Organizations and Academic Institutions provided answers that respectively did
not match each other or any of the other groups. The sameness of answers provided by
Honeywell & Associates and Governmental Agencies is likely on account of their constant
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collaboration throughout the restoration process. It would be expected that these groups would
have closely related takes on the levels of achievement of each criterion as a result. Within the
stakeholder groups, we can observe that there are some discrepancies. In Non-Governmental
Organizations, one participant, B4, suggested that the criterion for restoration was completely
achieved, while the other two respondents, B1 and B3, claimed that it was mostly achieved. In
Academic Institutions, one participant, C2, suggested that the criterion for restoration was
completely achieved, another, C3, claimed that it was mostly achieved, and the other respondent,
C1, believed that it was somewhat achieved. Adding to this, Academic Institutions disclose a
more variable set of responses than any other group – they range from somewhat to completely
achieved while the others remain fairly cohesive. Honeywell & Associates and Governmental
Agencies responded consistently within their groups, implicating that the criterion was
completely achieved. Overall, with regards to Criterion B, one participant, B2, chose not to
respond. In summary, the average of the responses that were given was 3.54, insinuating that
Criterion B was somewhere between mostly and completely achieved in the restoration process
performed by Honeywell.
Figure 3 is a Type A graph and is showing interview participants’ perceptions of the
level of achievement toward Criterion C, which was established in the initial Onondaga Lake
Cleanup Plan. Criterion C denotes the “creation of sustainable shoreline and tributary habitats to
encourage wildlife growth and to expand opportunities for local recreation.” Looking across the
stakeholder groups, we see that there were varying or conflicting opinions virtually across the
board. The responses from each stakeholder group were heterogeneous. That is, none of the
collective answers looking across the groups were identical. Within the stakeholder groups, we
see noteworthy disparities, especially within the Non-Governmental Organizations group. We
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also can tell that among Academic Institutions there is greater skepticism surrounding the
sufficiency of Criterion C. In Non-Governmental Organizations, two participants, B2 and B3,
suggested that the criterion for restoration was completely achieved, another, B4, claimed that it
was mostly achieved, and the other respondent, B1, believed that it was somewhat achieved. In
Academic Institutions, one participant, C3, suggested that the criterion for restoration was mostly
achieved, while the other two, C1 and C2, claimed that it was somewhat achieved. In
Governmental Agencies, two participants, D1 and D2, suggested that the criterion for restoration
was completely achieved, while the other respondent, D3, claimed that it was mostly achieved.
At the same time, Honeywell & Associates responded consistently within their group,
implicating that the criterion was completely achieved. Overall, with regards to Criterion C, all
responses were recorded. In summary, the average of the responses that were given was 3.25,
insinuating that Criterion C was somewhere between mostly and completely achieved in the
restoration process performed by Honeywell.
Figure 4 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion D, which was established in the initial Onondaga Lake
Cleanup Plan. Criterion D denotes the “implementation of a long-term operation, maintenance,
and monitoring program to ensure effectiveness of remedial efforts.” Looking across the
stakeholder groups, like with Criterion C, we discern that there were varying or conflicting
opinions throughout the graph. The responses from all stakeholder groups were heterogeneous.
That is, none of the collective answers looking across the stakeholder groups were identical.
Within the stakeholder groups, we see that the variance of opinions is furthered. Once again,
Academic Institutions convey a lack of trust, so to speak, about the sufficiency of the restoration
methods that were employed. In Honeywell & Associates, one participant, A2, suggested that the
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criterion for restoration was completely achieved, while the other, A1, claimed that it was mostly
achieved. In Non-Governmental Organizations, two participants, B3 and B4, suggested that the
criterion for restoration was completely achieved, while the other, B1, claimed that it was mostly
achieved. In Academic Institutions, two participants, C1 and C3, suggested that the criterion for
restoration was mostly achieved, while the other, C2, claimed it was somewhat achieved. In
Governmental Agencies, one participant, D1, suggested that the criterion for restoration was
completely achieved, while the other, D3, claimed it was mostly achieved. From what we see
when looking within the stakeholder groups, it appears that no responses are consistent with one
another, pointing to perhaps a lack of consensus about the purpose of restoration or the measures
by which progress is being checked. Overall, with regards to Criterion D, two participants, B2
and D2, chose not to respond. The average of the responses that were given was 3.3, insinuating
that Criterion D was somewhere between mostly and completely achieved in the restoration
process performed by Honeywell.
Figure 5 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion E, which was established in the Consent Decree. Criterion
E denotes the “protection of human health and the environment.” Looking across the stakeholder
groups, as the previous two figures have shown, we can tell that there were diverging attitudes to
stances from end to end. The responses from all stakeholder groups were heterogeneous. That is,
none of the collective answers looking across the stakeholder groups were identical. Within the
stakeholder groups, we can tell that responses failed to coalesce to one level of achievement. It is
particularly clear that we see continued skepticism from Academic Institutions. In Honeywell &
Associates, one participant, A2, suggested that the criterion for restoration was completely
achieved, while the other, A1, claimed it was mostly achieved. In Non-Governmental
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Organizations, one participant, B4, suggested that the criterion for restoration was completely
achieved, while the two other participants, B1 and B3, claimed it was mostly achieved. In
Academic Institutions, two participants, C1 and C3, suggested that the criterion for restoration
was mostly achieved, while the other, C2, claimed it was somewhat achieved. In Governmental
Agencies, only one response was given, that being by D3, who suggested that the criterion for
restoration was completely achieved. It is difficult to confirm that the response given within the
Governmental Agencies group is consistent with other answers because it has nothing to
compare to. Based on what is available for analysis, it appears that no responses are consistent
with the stakeholder groups. Overall, with regards to Criterion E, three participants, B2, D1, and
D2, chose not to respond. In summary, the average of the responses that were given was 3.22,
insinuating that Criterion E was somewhere between mostly and completely achieved in the
restoration process performed by Honeywell.
Figure 6 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion F, which was established in the Consent Decree. Criterion
F denotes the “compliance with performance criteria established by DEC and EPA.” Looking
across the stakeholder groups, there were some similarities, but also some variances of opinions.
Like in Criterion A, the tendency for all opinions given to be higher than a level “2” conveys a
mostly positive outlook on the restoration work that was done regarding the methods employed
to deal with the criterion. Moreover, this point postulates that Criterion F was handled
sufficiently. At the same time, whereas the groups of Honeywell & Associates and NonGovernmental Organizations were identical in their responses, the others, meaning Academic
Institutions and Governmental Agencies, gave heterogeneous answers. That is, the latter groups
provided answers that respectively did not match each other or any of the other groups. Within
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the stakeholder groups, we can see there is something close to, but not quite consensus. In
Academic Institutions, one participant, C1, suggested that the criterion for restoration was
completely achieved, while the other two, C2 and C3, claimed it was mostly achieved. In
Governmental Agencies, one participant, D1, suggested that the criterion for restoration was
completely achieved, while the other, D3, claimed it was mostly achieved. Within Honeywell &
Associates and Non-Governmental Organizations, responses were consistent, implicating that the
criterion was completely achieved. Overall, with regards to Criterion F, three participants, B2,
B3, and D2, chose not to respond. In summary, the average of the responses that were given was
3.66, insinuating that Criterion F was somewhere between mostly and completely achieved in the
restoration process performed by Honeywell; this is the highest-ranked criterion on average.
Figure 7 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion G, which was established in the Consent Decree. Criterion
G denotes the “improvement of habitats for fish and wildlife.” Looking across the stakeholder
groups, we can observe something quite interesting. Specifically, we see similar levels of
achievement reported by Non-Governmental Organizations and Governmental Organizations and
then opinions shared by Honeywell & Associates and Academic Institutions. Due to the close
collaboration of Honeywell & Associates with Governmental Agencies in both the planning and
implementation of restoration work, it is surprising that their rankings diverge in the way that
they do. This difference of opinion connotes some level of failure within the groups’
collaboration at the point of determining how progress within this criterion was going to be
gauged. At the same time, it is clear from reviewing qualitative data shared by interviewees
within both groups that different metrics of progress were employed to evaluate the fulfillment of
this criterion. Honeywell & Associates highlighted the continuation of progress toward total
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completion of this criterion via the ongoing NRDA work, while Governmental Agencies mainly
discussed the specific mechanisms utilized in the past like fish cribs, native vegetation, and so
forth. Despite the visually analogous bars throughout the graph, upon closer investigation, we
can see that responses from all stakeholder groups were heterogeneous. That is, none of the
collective answers looking across the groups were identical. Within the stakeholder groups, there
is a slight fluctuation of opinions. In Non-Governmental Organizations, three participants, B1,
B2, and B3, suggested that the criterion for restoration was completely achieved, while the other
respondent, B4, claimed it was mostly achieved. In Academic Institutions, two participants, C2
and C3, suggested that the criterion for restoration was mostly achieved, while the other
respondent, C1, claimed it was somewhat achieved. Within Governmental Agencies, responses
were consistent, implicating that Criterion G was completely achieved. Moreover, within
Honeywell & Associates, responses were consistent, implicating that the criterion was mostly
achieved. Overall, with regards to Criterion G, all responses were recorded. In summary, the
average of the responses that were given was 3.42, insinuating that Criterion G was somewhere
between mostly and completely achieved in the restoration process performed by Honeywell.
Figure 8 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion H, which was established in the Consent Decree. Criterion
H denotes the “improvement of recreational opportunities and expansion of public access to
Onondaga Lake.” Looking across the stakeholder groups, there appears to be some sort of divide.
The stark contrast of having both rankings of completely achieved and not at all achieved
throughout the graph conveys that methods employed to fulfill Criterion H were somewhat
insufficient or had results that have not been realized by all stakeholders. Perhaps there is a lack
of communication with regards to the metrics of progress toward complete fulfillment. Like in
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Figure 7, discussed above, the difference between Honeywell & Associates and Governmental
Agencies here is surprising and suggests some sort of failure to be on the same page about
restoration methodology or how progress would be gauged. Reviewing qualitative data shared by
interviewees within both groups tell us, once again, that Honeywell & Associates veered the
conversation more toward the ongoing work being performed under the NRDA. At the same
time, Governmental Agencies mainly discussed specific examples of work done previously.
Looking across stakeholder groups, we can see that all responses were heterogeneous. That is,
none of the collective answers looking across the groups were identical. Within the stakeholder
groups, we can see that there existed additional discrepancies. In Non-Governmental
Organizations, one participant, B2, suggested that the criterion for restoration was completely
achieved, two others, B3 and B4, claimed it was mostly achieved, and the other respondent, B1,
believed it was not at all achieved. According to qualitative information shared by interview
participants, such a compelling difference of opinion regarding recreational opportunities and
public access to Onondaga Lake can be attributed to a lack of perception of the changes that have
been implemented. To this point, it was explicitly acknowledged that the ability to recreate might
improve in the future but has not yet been internalized by the nearby communities. In Academic
Institutions, one participant, C1, suggested that the criterion for restoration was completely
achieved, while the other two respondents, C2 and C3, claimed it was mostly achieved. At the
same time, within Governmental Agencies, responses were consistent, implicating that the
criterion was completely achieved. Moreover, within Honeywell & Associates, responses were
consistent, implicating that the criterion was mostly achieved. Overall, with regards to Criterion
H, all responses were recorded. In summary, the average of the responses that were given was
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3.25, implicating that Criterion H was somewhere between mostly and completely achieved in
the restoration process performed by Honeywell.
Figure 9 is a Type A graph that is showing the interview participants’ perceptions of the
level of achievement toward Criterion I, which was established in the Consent Decree. Criterion
I denotes the “creation of the conditions that will allow, over time, for Onondaga Lake’s natural
recovery.” Of all of the criteria, looking across the stakeholder groups, this one appears to have
been the most controversial. We can see that there were positive remarks given by Honeywell &
Associates and Government Agencies, for the most part, suggesting that the criterion was
completely achieved. However, Non-Governmental Organizations and Academic Institutions
exhibited significantly more skepticism toward the idea of natural recovery. Within these groups,
interviewees came off as wary of the notion that Onondaga Lake could ever exist in such a way
that was not influenced or impacted by humans in some way. On account of the vastly developed
landscape surrounding the body of water, participants declared practically in unison, its recovery
would never be wholly natural, nor would the system ever be unaffected by anthropogenic
activities going on all around it. The notion that it would take a fully forested landscape around
the lake for it to even be remotely conceivable of a recovery administered solely by natural
dynamics was consistent. Despite some overlaps within thoughts about natural recovery, the
responses from all of the stakeholder groups were heterogeneous. That is, none of the collective
answers looking across the groups were identical. Within the stakeholder groups is where
varying attitudes and stances became slightly more overt. In Non-Governmental Organizations,
one participant, B3, suggested that the criterion for restoration was mostly achieved, while the
other two, B1 and B4, claimed it was somewhat achieved. In Academic Institutions, one
participant, C1, suggested that the criterion for restoration was mostly achieved, another, C3,
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claimed it was somewhat achieved, and the other respondent, C2, believed it was not at all
achieved. In Governmental Agencies, two participants, D1 and D3, suggested that the criterion
for restoration was completely achieved, while the other respondent, D2, claimed it was
somewhat achieved. Within Honeywell & Associates, we see consistency in responses,
implicating that the criterion was completely achieved. Overall, with regards to Criterion I, one
participant, B2, chose not to respond. In summary, the average of the responses that were given
was 2.81, insinuating that Criterion I was somewhere between somewhat and mostly achieved in
the restoration process performed by Honeywell; this is the lowest-ranked criterion on average.
The first strand of analysis, which deals with the level of achievement of the various
restoration criteria in the case of Onondaga Lake, proposes that there are numerous consistencies
and inconsistencies among and within the relevant stakeholder groups. The varying attitudes and
stances that interview participants had about the fulfillment of the criteria are portrayed within
the Type A graphs displayed within the results chapter of this paper. Moreover, they adequately
capture the idea of complexity within ecological restoration previously described by revealing
the dissonance of perceptions about what state Onondaga Lake and its surrounding areas are in.
Pairing the major takeaway points from the first strand of analysis with those of the second
strand will advance this argument of complexity by bolstering the aforementioned pattern of
inconsistencies. What is especially noteworthy from these responses is that any simple definition
of restoration that equates it with Criterion F, meeting DEC and EPA metrics, is faulty. The
interviews reveal a multiplicity of understandings of lake recovery.
6.2 Evaluating Strand 2
To augment the claims of complexity within ecological restoration using Onondaga Lake
as a case study beyond the first strand of analysis, details regarding how stakeholders place
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importance or priority upon criteria to achieve the desired state for the system will be interpreted.
Moreover, variances in priorities for restoration will help to demonstrate the multifariousness of
explicit and implicit values and interests in dealing with the natural environment belonging to
humans in general. This section of the discussion aims to identify the main patterns among
stakeholders in prioritizing or imparting preference to certain aspects of the invoked management
regime. That is, this section focuses on the opinions shared by the interview participants
regarding the second strand of analysis. Interpretation of opinions was based on the qualitative
aspects shared surrounding what features of Onondaga Lake were the most critical for its
restoration and corresponding semi-quantitative rankings. The outcomes shared below magnify
the differences of opinions about Onondaga Lake’s restoration and thereby enforce the logical
conclusion of complexity.
Figure 10 is a Type B graph that is showing the number of stakeholders distributed
according to which criterion they found to be of the highest priority to reach the desired state of
Onondaga Lake as discerned by the initial Onondaga Lake Cleanup Plan and the Consent
Decree. The criteria in question are the same as those being assessed in the first strand of
analysis, fleshed out above. According to the graph, Criterion G was that which should have
been given the highest priority during Onondaga Lake’s restoration in keeping with the opinions
of the largest number of stakeholders. In other words, three interview participants claimed that
the “improvement of habitats for fish and wildlife” was the most worthy criterion of being
handled first. Criteria labeled as “E,” “F,” and “H” were given priority by the second-most
number of individual stakeholders. That is, two interview participants claimed that the
“protection of human health and the environment,” the “compliance with performance criteria
established by DEC and EPA,” and the “improvement of recreational opportunities and
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expansion of public access to Onondaga Lake” were the most worthy criteria of being handled
first respectively. The third-most number of individual stakeholders gave criteria labeled as “A”
and “B” priority. That is, one interview participant claimed that the “prevention of contaminant
migration from old industrial sites into Onondaga Lake” and the “removal of materials from the
bottom of Onondaga Lake, permanent containment of those materials at an approved site, and
capping of designated sections of the water body” were the most worthy criteria of being handled
first respectively. From the figure, we can also see that one participant chose not to respond to
the question dealing with prioritization of the criteria at hand. This point suggests that they deem
all of the criteria of equal importance to achieve the desired state in Onondaga Lake or possibly
that none of the criteria are adequate. It should also be noted that Criterion C, Criterion D, and
Criterion I were given the highest priority by the largest number of stakeholders. More
specifically, the “creation of sustainable shoreline and tributary habitat to encourage wildlife
growth and to expand opportunities for local recreation,” the “implementation of a long-term
operation, maintenance, and monitoring program to ensure effectiveness of remedial efforts,”
and the “creation of the conditions that will allow, over time, for Onondaga Lake’s natural
recovery,” were considered the most worthy of prioritization by no interview participants
respectively. From this graph, we see that interview participants, regardless of their professional
or personal affiliations, had varying perceptions about what was the most important aspect to
tackle first when it came to restoring Onondaga Lake to a desirable and stable state.
Table 3 complements the information presented in Figure 10 by elaborating upon the
number of stakeholders that assigned priority to the various criteria from the initial Onondaga
Lake Cleanup Plan and the Consent Decree. The table breaks down the criteria that individual
stakeholders chose to prioritize or deem most important to achieve the desired outcome for
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Onondaga Lake and its surrounding areas. Similar to how the first strand of analysis was
completed for Type A graphs, Table 3 can help to analyze the responses given within and across
stakeholder groups. First, looking across the stakeholder groups, we can see that there were
inconsistent perceptions about which criterion ought to be prioritized. The answers that were
given by each stakeholder group as a unit were all heterogeneous. That is, none of the collective
answers looking across the groups were identical. Paying particular attention to Honeywell &
Associates and Governmental Organizations, this is somewhat odd. Once again, given the close
collaboration of these two groups throughout the restoration, it would be expected that they
would have had similar understandings of how the process or processes should have occurred.
This point expresses how stakeholder groups cannot all be perceived as holding the same
opinions or expectations when it comes to managing the natural environment. The divergence of
Non-Governmental Organizations and Academic Institutions from Honeywell & Associates and
Governmental Agencies also begs the question of how engaged or involved these parties were
and to what extent did they or did they not have the capabilities of promoting the remediation
cause. Some level of usage of Onondaga Lake is inherent within each group, but it is not
necessarily obvious how involved they are in any phase of clean-up. Moreover, it can be gleaned
from looking at the qualitative data from interview participants that every individual and thereby,
every group is not equally committed to connecting with and improving the ecosystem as a
whole. This type of discord is even more evident when looking within the stakeholder groups, as
shown in the table. In fact, according to the table, no two stakeholders within any of the groups
chose the same criterion to be prioritized during the restoration process for Onondaga Lake. In
Honeywell & Associates, highlighted red, interview one participant, A1, prioritized Criterion F,
while the other respondent, A2, prioritized Criterion E. In Non-Governmental Organizations,
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highlighted purple, one interview participant, B1, prioritized Criterion B, another, B2, prioritized
Criterion G, another, B3, prioritized Criterion H, and one other responded, B4, prioritized
Criterion F. In Academic Institutions, highlighted teal, one interview participant, C1, prioritized
Criterion E, another, C2, prioritized Criterion G, and one other respondent. C3, prioritized
Criterion H. Lastly, in Governmental Agencies, highlighted yellow, one interview participant,
D1, prioritized Criterion A, while the other respondent, D3, prioritized Criterion G. Within the
Governmental Agencies stakeholder group, one participant, D2, gave no response, suggesting no
priority of criteria. This utter lack of consistency of feelings about priority creates an underlying
theme of contention within restoration work that complicates planning, implementation, and
monitoring phases and thereby diminishes the viability of appropriate human interventions in
nature.
The second strand of analysis, which deals with selecting restoration criteria to
implement first per ecological, social, political, and economic dynamics and procedures to
achieve the desired state for Onondaga Lake, explicates discrepancies within the opinions of
stakeholders. What we have seen in this section is that the varying experiences and expectations
of interview participants render a lack of cohesion when it comes to carrying out the primary
phase of restoration. Not only are the sentiments of stakeholders molded by their affiliations to
organizations, institutions, or agencies, but they are transformed by their connections or levels of
engagement, as shown respectively by looking at inconsistencies among and within stakeholder
groups. Having inconsistencies can lead to the intensification of complexities and therefore, can
inhibit satisfactory progress toward a desirable state. What we infer from the second strand of
analysis, as in the first one, is a total lack of agreement regarding how environmental
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management should be fulfilled and, consequently, a final gesture toward the complexities that
shroud restoration work as a whole.
6.3 Linking Results with History and Restoration Literature
The outcomes of the first and second strands of the analysis presented above based on
interview data shared by stakeholders in the case of Onondaga Lake relay blatant inconsistencies
among and within respective groups that complicate the process of ecological restoration. The
individuals who were interviewed for this senior project each belonged to key groups such as
Honeywell and their associates, non-governmental organizations, academic institutions, and
governmental agencies and were of a range of backgrounds when it came to interacting with
Onondaga Lake itself. Some interviewees had strong professional connections but had not
seriously engaged on a personal level with the body of water. Others primarily had a vested
interest in Onondaga Lake on account of their recreational encounters and not so much to do
with their job. As a result, not only did familiarity and thus, the answers provided vary due to
conflicting perceptions of the system and its restoration process, but also from discordant levels
of engagement. Reflecting on Onondaga Lake’s history, we understand that the water body
endured a myriad of changes in both its natural and human aspects. That is, its structure and
functioning, as well as how it was perceived and used by people in the area, were constantly
evolving. Consequently, it only makes sense that contemporary viewpoints about the lake,
especially its restoration, are plentiful and possibly contradictory in a like manner. Having an
abundance of opinions and ideas for using and managing Onondaga Lake is certainly useful but
can complicate restoration efforts if not harmonized judiciously. Here we reach a juncture with
the main points shared in the literature review of this project, which lay out the theoretical and
practical obstacles that debilitate effective ecological restoration. Inconsistent opinions among
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and within groups pertaining to restoration work can induce a quality of complexity around
identifying problems, establishing targets and goals, instituting proper metrics and indicators,
weighing policy alternatives, selecting and then implementing a sufficient management
approach, and then monitoring and evaluating progress or changes. The following section of the
discussion attempts to advance these ideas by recalling pertinent parts of Onondaga Lake’s
history and the literature review about restoration ecology from above and applying them to the
outcomes bestowed by the first and second strands of analysis. We have seen how stakeholder
opinions vary in the case of restoration for Onondaga Lake in both their perception of
achievement of corresponding criteria and how these criteria would ideally be prioritized. It is
now necessary to consider how history and literature affirm the responses given by interviewees
and how they inherently endorse the complexities which compromise remedial integrity.
Throughout Onondaga Lake’s history, we see a variation in terms of structure and
function, as well as human uses and perceptions of the water body. The changes which occurred
in regard to the former were largely due to anthropogenic behaviors and forms of urban
development. As natural dynamics or features of Onondaga Lake would shift, human uses and
perceptions would be modified accordingly to try and maintain utility. To this point, the structure
and function of Onondaga Lake ran parallel to the uses and perceptions of the system. When
ecosystem services were pristine, values and interests surrounding the lake were mostly positive,
and when ecosystem services were degraded or lost, values and interests surrounding the lake
were contravened – made negative. The restoration was performed based on renewing ecosystem
services so that human values and interests with regards to Onondaga Lake would improve as
well.
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We can see fluctuations in humans’ relationship with Onondaga Lake by briefly
considering how the lake was used and perceived over time. Early on, the Onondaga Nation
utilized the water body and its immediate surroundings as a source of food, drinking water, and
as a means for local and regional trading with other Haudenosaunee tribes and later European
settlers. Moreover, the Onondagas considered the water body to be a site of immense cultural
and spiritual value. As such, it was used as a destination for ceremonies and other sacred
gatherings or meetings.216 The westward expansion of European settlers brought new uses and
perceptions to the lake. That is, their presence in the region would underscore the commercial
and economic values of Onondaga Lake. Early Europeans primarily used the water body for the
transportation of goods and people in and out of the Central New York area.217 Industries using
the natural resources provided by Onondaga Lake that were set up in the area refocused the uses
and perceptions of the water body such that they were virtually exclusive to further economic
gains. On the one hand, there were salt and chemical manufacturers that pulled material from the
system. Onondaga Lake was in high esteem not because of its cultural significance but because
of its utility to promote urban developments and, ultimately, economic well-being.218 On the
other hand, resorts and centers for social gathering were established on the shoreline of the lake,
providing recreational opportunities in and around its waters. Onondaga Lake was in high esteem
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because it also embodied a source of relaxation and entertainment.219 With the commencement of
the disposal of chemical wastes, wastewater, and other forms of refuse directly in and around
Onondaga Lake, we see more changes. Feelings of discontent or disgust toward the lake became
prevalent because the only real value was utility as a dumping ground and waste site. These
viewpoints toward Onondaga Lake are embodied by the banning of certain activities in the water
body, such as ice harvesting, swimming, and fishing. The lake would receive a negative
reputation as being the “most polluted lake in America,” something that would stick well into the
process of remediation.220 It is only in more recent times– the last 25 years – that Onondaga Lake
has had a revival, so to speak, of uses and perceptions beyond being a disposal area and an
eyesore in the landscape. Regardless of the level of achievement of criteria, the restoration
efforts to clean up Onondaga Lake and some of its surrounding areas have had a noteworthy
impact on uses and perceptions in that the space now holds potential. Furthermore, it has
returned to a state wherein it can be used for social, cultural, economic, and ecological purposes
once again.
The multiplicity of uses and perceptions of Onondaga Lake in its history transmit the
inconsistencies in viewpoints surrounding the ecological management of the system. Moreover,
the desirable state of the lake is muddled by a sundry of straying opinions belonging to
distinctive ecological, social, political, and economic interests. The first and second strands of
analysis within this project based on stakeholder interview data support the notion that there is a
lack of cohesion around how restoration work should or should have been done in Onondaga
Lake. Ultimately, this stems from the fact that, historically, the water body was used for so many
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different uses and was perceived in many ways. There is not necessarily a singular perspective
which ought to define the desired state for Onondaga Lake in its restoration process, for they all
must be assessed impartially and with the assumption that they are somehow trying to get the
water body to a condition in which it will sustain itself and meet the needs of people. Looking at
Onondaga Lake’s history is like viewing how light is refracted through a prism. When a beam of
light passes through the piece of glass, it is separated into numerous distinctive rays. In this same
way, general thoughts and opinions about managing Onondaga Lake are distinguished through
historical values and underlying interests about ecosystem services that are present. Opinions
about how to manage the system are dispersed, causing inconsistencies, and, ultimately,
complexity. At this point, our discussion converges with the literature review.
The complexity of ecological restoration is exacerbated fundamentally by the variance of
opinions that stakeholders have, as expressed in the literature review. Having opposing views
about what an issue is, how to choose targets and goals that should be developed, how to discern
which methods should be used, and how to identify the metrics that should be employed to gauge
progress can hamper the effectiveness of remedial efforts. Without some level of cohesion of
opinions or at least collaboration among and within stakeholder groups, it is unlikely for
restoration ever to be considered achieved. To this end, inconsistencies existing among and
within stakeholder groups about the theory and practice of restoration work can be a recipe for
failure. The scale is one issue that can provoke inconsistencies of opinions, as described in the
literature review. The scale of a restoration project is based upon what the issue at hand is,
whether caused by a natural or anthropogenic disturbance or not. Differences of opinion
pertaining to what needs to be fixed can create a discrepancy amongst opinions of stakeholders
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about how geographically extensive remedial efforts need to be.221 This idea goes hand-in-hand
with the selection of targets and goals for ecosystem management. When people perceive
different issues or have specific values and interests, they will advocate for particular restoration
outcomes. As such, those involved in remedial efforts will set forth only those targets and goals
which they believe are the most compelling to them. A lack of stakeholder participation or
engagement here unleashes the ability for incompatible restoration projects to take place without
major approval or without reaching full potential.222 For efficiency’s sake and to try and undercut
the intricacies of restoration work, the approaches proclaimed as myths in the literature review
tend to be utilized. Using the ideas of the Carbon Copy, the Field of Dreams, Fast-Forwarding,
the Cookbook, the Carbon Copy, or Command and Control simplifies complexities by ignoring
uncertainties and the varying opinions of stakeholders. Implementation of the myths create issues
of not only failing to meet the ecological needs of a system that is degraded but also
insufficiently considering and thus planning for the ecosystem services needs of pertinent
stakeholder groups. Herein there is a tendency to pay no attention to social, political, or
economic implications of restoration work, making outcomes even less likely to be perceived as
acceptable or remotely useful.223 Having varying opinions or expectations about restoration work
before it has happened can virtually invalidate the indicators and measures of progress that are
taken during and after implementation. That is, the failure to reflect what is deemed desirable for
an ecosystem as it is made out to be among and within stakeholder groups can make the
indicators deficient in measuring the right forms of progress. Whereas indicators may show the
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degrees of change from remedial efforts as they should, they may not accurately be portraying
those outcomes that stakeholders consider desirable.224 Ultimately, we must understand that the
complexities of ecological restoration within its particular stages are manifested by the
inconsistencies that exist from varying opinions and perceptions from individual stakeholders.
The notion that inconsistencies of opinions bolster complexity within ecological
restoration is forwarded by the issues faced at each stage of management, as explained within the
literature review. Not only is the desirable state of an ecosystem convoluted by inconsistencies of
opinions among and within stakeholder groups, but the methods by which to achieve satisfactory
conditions – those that maximize ecosystem service usage – and the mechanisms for evaluating
progress are also obscured. The first and second strands of analysis within this project based on
stakeholder interview data show that the lack of consistency with experiences around Onondaga
Lake creates varying perceptions and opinions about its restoration process – both how it was
carried out and how it should have been carried out to actualize a desirable state. Whereas some
stakeholder groups, as well as individual actors, provided similar rankings or priorities in the first
and second strands of analysis suggesting comparable values or interests for the restoration of
Onondaga Lake, according to the figures, there were no cases of total homogeneity. That is, no
responses for any of the questions were akin. Consequently, we can infer that ideal conditions
that each stakeholder has in mind for Onondaga Lake are dissimilar and, as such, perfect
restoration is unrealistic. The suggestion that the system is healed undermines the inconsistencies
of opinions and oversimplifies the system as a whole. Issues prevail in and around Onondaga
Lake despite the boisterous optimism and the signing off of certain responsibilities. So, how
might we handle them?
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The most practical way forward in situations where opinions are varied, as disclosed in
the literature review, would be with the application of adaptive management and adaptive
governance. Herein we see that stakeholder opinions are given due consideration in planning,
implementation, and monitoring phases of management to minimize uncertainties, devise
feasible targets and goals, differentiate rational alternatives and indicators, and to gear
monitoring efforts toward reaching the desired state. Moreover, as new knowledge is collected,
plans can be altered accordingly so as not to waste time and resources.225 Adaptive approaches
are also compelling techniques for handling the persisting issues within and around Onondaga
Lake, as well as those that may come in the future because they distribute the responsibilities and
management powers so long as it is necessary to protect systems, as well as to return or advance
them to ideal conditions. When Honeywell is officially signed off from all of their
responsibilities of clean-up in Onondaga Lake, it cannot be expected that they will maintain any
of their ecological management operations located in Central New York. As such, efforts to
remediate and conserve the natural environment, and those to promote a positive relationship
between humans and the natural environment, will need to be undertaken by stakeholders like
those interviewed in this project. Ultimately, adaptive management and adaptive governance
techniques – flexible practices of inclusion as interested parties emerge and shift – can help
restorationists reconcile with inconsistencies of opinions in addition to different goals and
interests of stakeholders pertaining to the natural environment. Ecological restoration must
confront complexities head-on, rather than strain to avoid them at all cost.
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In essence, the results from the first and second strand of analysis iterate the differences
and similarities among and within stakeholder groups in the case of restoration for Onondaga
Lake. In this chapter, wading through the results, it becomes evident that there exist notable
variances of opinions concerning the levels of achievement of the specific restoration criteria
established by the DEC and EPA and carried out by Honeywell. Moreover, there are conflicting
ideas about which criterion should be prioritized to adequately contrive the most desirable
outcome for the water body from remedial efforts. Input from the history section of this project
contends that there have been copious uses and perceptions of the lake stemming from the values
and underlying interests of those with a vested interest in the system. This aspect has set forth the
argument that people today also have different values and interests which refract desires and
expectations to do with lake restoration. Application of concepts from the literature review
chapter of this project implicates the complexity of having varying opinions about restoration
work and how inconsistencies among and within stakeholder groups can inhibit the viability and
integrity of such efforts by entangling critical planning, implementation, monitoring, and
evaluation phases. This piece of the puzzle, so to speak, completes the primary inquiry of this
senior project, which was to do with assessing the opinions of stakeholders within the case of
restoration of Onondaga Lake. What we see is a lack of cohesion that must be acknowledged
using adaptive management and adaptive governance techniques moving forward when handling
the inevitable ecological disturbances within and around the Onondaga Lake system. Onondaga
Lake’s restoration has been momentous in many ways, but it would be an oversimplification of
socioecological factors to declare its management absolute.
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7. Conclusion
The investigation encapsulated in this senior project has demonstrated that, in the case of
the restoration of Onondaga Lake located in Central New York, opinions are inconsistent and
present discrepancies with regards to the theory and practice of effective ecosystem
management. The project has primarily gauged how individuals belonging to respective
organizations, institutions, or agencies hold different thoughts about the work that was and is still
being performed in the area. Doing so through interview data collection and analyses has
provided a way to make an informed judgment in the case of Onondaga Lake around how ideas
have changed over time, how they exist today, and how their multifarious nature should be
reconciled with to make management decisions around the ongoing issues that linger in the
system or will inevitably take place.
The first and second strands of analyses, which, respectively, dealt with the level of
achievement and the prioritization of restoration criteria initially set forth by the DEC and EPA,
and performed by Honeywell, disclosed the disparities of opinions among and within stakeholder
groups. Within the first strand, interpretations of opinions were primarily driven by semiquantitative data and were contextualized using qualitative details. Whereas some expressed
skepticism toward the methods that were employed in restoration, as well as the indicators by
which progress was recorded, others found that the system was renewed as it should be.
Moreover, answers varied from criteria to criteria. On the one hand, this suggests that restoration
has not been finalized. On the other hand, this also implies that approaches to the betterment of
Onondaga Lake did not necessarily account for the inconsistencies and opinions existing within
the surrounding community. This claim is not to say that remedial efforts were not, to some
extent, ecologically, socially, politically, and economically beneficial. Instead, this outcome
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makes the point clear that differences of opinions were and continue to be an additional factor to
the complexities of environmental restoration projects. Within the second strand of analysis, the
interpretation of priorities was primarily deduced from the qualitative responses that
interviewees gave. Because the majority of interview participants specified only their top priority
of restoration criteria in the case of Onondaga Lake, it was recognized that looking only at this
information would affect the variances of opinions among and within stakeholder groups. It was
found that there were no trends of opinions regarding priorities of criteria. That is, priorities
emphasized the underlying values and interests of individual stakeholders as opposed to those
which are linked to the groups as a whole. Ultimately, we saw from interview data collection and
analyses that people seek somewhat different outcomes for Onondaga Lake and consequently
perceive heterogeneous conditions as being ideal and complicate restoration processes. As such,
adaptive management and governance techniques ought to be employed to come to grips with
diverging viewpoints moving forward.
To conclude, this senior project has looked closely at how opinions of a select few
individuals with a vested interest in Onondaga Lake have and continue to perceive its recovery
and revitalization processes in light of varying values and interests and fundamentally complicate
the management approaches which necessarily must be employed. During this project, several
shortcomings could be improved in future research about the same or a similar case study that
must be mentioned. For one, the amount of interview participants was curtailed by the exact
timeframe for the project. More interviews would have allowed for an equal number of
participants belonging to the stakeholder groups for more thorough comparisons, as well as a
broader range of experiences and, therefore, opinions. Distributing a survey instead of
performing interviews would also improve the quantity of data. However, such a method should
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be eyed with caution, for contextual details which support analyses may be lost. On another note,
having a more explicit list of interview questions would have improved clarity of responses and
thereby minimized room for bias or error in interpretation. Nonetheless, opinions among and
within stakeholder groups were gauged, and their differences were assessed. The case of
Onondaga Lake has effectively conveyed the complexity of ecological restoration that stems
from a lack of cohesive opinions that are tied to the values and interests of nature as a whole.
Forging consistency is not the solution. Instead, we, as humans, must refine our approaches and
means of engagement with the natural world to match its complexities and anticipate the
unknown more appropriately.
When I began my research, “recovery” and “restoration” were unexamined concepts for
me. I accepted them as the targets and goals of major stakeholders involved in the cleanup of
Onondaga Lake. If anything, I planned to examine whether actual achievement of the measures
set by the DEC and EPC from a strictly biochemical perspective could be verified. But the issue
of invasive species during the cleanup opened the door unexpectedly to the complications within
the ecological science of restoration. Should cleanup involve the removal of the invasive
phragmites? Exactly what point in the lake’s past ecology should serve as the benchmark of
recovery if species invasion is part of the natural evolution of lakes? No one wanted a polluted
lake, but what exactly was the former, beautiful, unsullied lake? History of the lake’s use and
scientific understanding of the lake’s ecology revealed no simple, straightforward answer.
Instead, a socioecological complex of responses became apparent. These point to the need for an
intentionally adaptive approach to lake management and governance.
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Appendices:
Appendix A:
Timeline of Major Events in and Around Onondaga Lake Throughout Human History
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Appendix B:
Adaptive Management Model Provided by Schreiber et al.
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Appendix C:
List of Questions used for Interview Data Collection
1. What is your connection, personal and/or professional, to Onondaga Lake and its
recovery process?
2. When was the last time that the lake was considered by most to be “safe” and “clean?”
1. Generally speaking, what is the purpose of ecological recovery or restoration? Why do
we need to recover any ecosystem? What is the standard or criteria for recovery? Who
sets this standard?
2. What was and is the purpose of cleaning up Onondaga Lake? How does the answer to
this question depend on one’s values or underlying interests?
3. Some say the lake has been “saved.” In your opinion, to what extent have the following
goals set forth as a sustainable restoration plan (within the Onondaga Lake Cleanup Plan
(2005) and Consent Decree (2007)) been achieved?
a.

Prevention of contaminant migration from old industrial sites into the lake.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

b. Removal of materials from the bottom of the lake, permanent containment at an
approved site, and capping of designated sections of the water body.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

c. Creation of sustainable shoreline and tributary habitats to encourage wildlife
growth and to expand opportunities for local recreation.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

d. Implementation of a long-term operation, maintenance, and monitoring program
to ensure effectiveness of remedial efforts.
1. Not at all
2. Somewhat
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3. Mostly
4. Completely
ii.

Briefly explain your answer.

e. Protection of human health and the environment.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

f. Compliance with performance criteria established by the DEC and EPA.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

g. Improvement of habitats for fish and wildlife.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

h. Improvement of recreational opportunities and expansion of public access to the
lake.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.

i. Creation of the conditions that will allow, over time, for the lake’s natural
recovery.
1. Not at all
2. Somewhat
3. Mostly
4. Completely
ii.

Briefly explain your answer.
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4.

Please rank the above criteria, based on your opinion, in order of importance.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Briefly explain your answers.
1. In your opinion, are there any criteria that are missing or any that should be considered
more seriously?
2. Though not depicted as an explicit priority, aesthetics are important. How does the
physical appearance of the lake play a role in driving recovery efforts?
1. At what point does recovery end, given our changing climate, the multiplicity of our
values and interests, and our deep-rooted histories?
2. What issues, if any, does Onondaga Lake continue to face in 2020 and who do you
believe is responsible for handling them?
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Appendix D:
Compilation of Interview Transcripts
Item available upon request by contacting sm8294@bard.edu
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Appendix E:
Interview Data Spreadsheets
Item available upon request by contacting sm8294@bard.edu

